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MESSAGE  FROM  THE  PRESIDENT 


To  the  Congress  of  the  United  States: 

In  accordance  with  my  request  of  March  15,  1938,  the  National  Resources 
Committee,  in  consultation  with  the  other  Federal  agencies  concerned,  has  prepared 
a  comprehensive  study  of  our  energy  resources,  which  I  present  herewith  for  your 
consideration. 

This  report  represents  the  joint  effort  of  many  specialists  both  within  and  outside 
the  Federal  Government.  It  suggests  policies,  investigations,  and  legislation  necessary 
to  carry  forward  a  broad  national  program  for  the  prudent  utilization  and  conservation 
of  the  Nation's  energy  resources. 

Our  resources  of  coal,  oil,  gas,  and  water  power  provide  the  energy  to  turn  the  wheels 
of  industry,  to  serv'ice  our  homes,  and  to  aid  in  national  defense.  We  now  use  more 
energy  per  capita  than  any  other  people,  and  our  scientists  tell  us  there  will  be  a  pro- 
gressively increasing  demand  for  energy  for  all  purposes. 

Our  energy  resources  are  not  ijiexhaustible,  yet  we  are  permitting  waste  in  their  use 
and  production.  In  some  instances,  to  achieve  apparent  economies  today  future  gener- 
ations will  be  forced  to  carry  the  burden  of  unnecessarily  high  costs  and  to  substitute 
inferior  fuels  for  particular  purposes.  National  policies  concerning  these  vital  resources 
must  recognize  the  avaOability  of  all  of  them;  the  location  of  each  with  respect  to  its 
markets;  the  costs  of  transporting  them;  the  technological  developments  which  will 
increase  the  efficiency  of  their  production  and  use;  the  use  of  the  lower  grade  coals;  and 
the  relationships  between  the  increased  use  of  energy  and  the  general  economic  develop- 
ment of  the  country. 

In  the  past  the  Federal  Government  and  the  States  have  undertaken  various 
measures  to  conserve  our  heritage  in  these  resources.  In  general,  however,  each  of 
these  efforts  has  been  directed  toward  the  problems  in  a  single  field:  Toward  the  pro- 
tection of  the  public  interest  in  the  power  of  flowing  water  in  the  Nation's  rivers; 
toward  the  relief  of  economic  and  human  distress  in  the  mining  of  coal;  or  toward  the 
correction  of  demoralizing  and  wasteful  practices  and  conditions  in  the  industries  pro- 
ducing oil  and  natural  gas.  It  is  time  now  to  take  a  larger  view:  To  recognize — 
more  fully  than  has  been  possible  or  perhaps  needful  in  the  past — that  each  of  our 
great  natural  resources  of  energy  affects  the  others. 

It  is  difficult  in  the  long  run  to  envisage  a  national  coal  policy,  or  a  national  petro- 
leum pohcy,  or  a  national  water-power  policy  without  also  in  time  a  national  policy 
directed  toward  all  of  these  energy  producers — that  is,  a  national  energy  resources 
policy.  Such  a  broader  and  integrated  policy  toward  the  problems  of  coal,  ])ctroleum, 
natural  gas,  and  water  power  cannot  be  evolved  overnight. 

The  widening  interest  and  responsibility  on  the  part  of  the  Federal  Government 
for  the  conservation  and  wise  use  of  the  Nation's  energy  resources  raises  many  per- 
plexing questions  of  poUcy  determination.  Clearly,  there  must  be  adequate  and  con- 
tinuing planning  and  provision  for  studies  which  will  reflect  the  best  technical  experi- 
ence available,  as  well  as  full  consideration  for  both  regional  and  group  interests. 

Some  Federal  legislation  affecting  the  energy  resources  will  expire  at  the  end  of 
this  fi.scal  year,  other  legislation  at  the  end  of  a  few  more  years.  This  report  sets  forth 
a  useful  frame  of  reference  for  legislative  programs  affecting  these  resources  and  illus- 
trates another  approach  to  the  systematic  husbandry  of  our  natural  resources.  Specific 
recommendations  are  advanced  for  solution  of  the  most  pressing  problems. 

In  order  to  facilitate  its  use  by  the  Congress,  I  recommend  that  this  report  be 
printed  together  with  the  supporting  staff  reports  and  illustrations,  when  these  are 
available  in  final  form,  in  conformity  with  similar  reports  prepared  by  the  National 
Resources  Committee. 

Franklin  D.  Roosevelt. 

The  White  House, 

February  15,  1939.  lu 
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LETTER    OF   TRANSMITTAL 


National  Resources  Committee 

Interior  Building 

Washington 

January  28,  1939. 
The  President, 

The  White  House. 
My  Dear  AIr.  President: 

We  have  the  honor  to  transmit  a  report  on  the  energy  resources  of  the  Nation  with 
recommendations  for  their  prudent  utilization  and  conservation  in  relation  to  each  other 
and  to  the  national  economic  structure. 

In  accordance  with  your  request,  the  report  has  been  prepared  in  consultation  with 
all  other  interested  agencies  of  the  Government.  It  includes  supporting  papers  by 
specialists  from  both  inside  and  outside  the  Government,  assembled  and  summarized 
by  a  staff  under  the  direction  of  Dr.  Ralph  J.  Watkins. 

The  findings  and  recommendations,  in  which  we  concur,  point  the  way  to  a  national 
poUcy  for  the  prudent  conservation  and  wise  use  of  our  energy  resources. 
Sincerely  yours, 

Harold  L.  Ickes 
Secretary  of  the  Interior,  Chairman 

Harry  H.  Woodring,  F.  C.  Harrington, 

Secretary  of  War.  Works  Progress  Administralor. 

H.  A.  Wallace, 

Secretary  of  Agriculture. 
Harry  L.  Hopkins, 

Secretary  of  Commerce.  ' 

Frances  Perkins,  Beardsley  Ruml, 

Secretary  of  Labor.  Henry  S.  Dennison. 


Frederic  A.  Delano, 
Charles  E.   Merriam, 


NOTE 

Attention  is  directed  to  the  fact  that  since  this  report  was 
computed,  the  National  Bituminous  Coal  Commissio7i  has  been 
abolished  under  the  President's  Reorganization  Plan  No.  2 
and  its  poivers,  duties,  and  functions  transferred  to  the  Secre- 
tary of  th=e  Interior.  Also,  the  Gonnally  Act  regulating  inter- 
state and  foreign  com/merce  in  petroleum,  which  would  have 
expired  on  June  30,  1939,  has  been  extended  for  an  indefinite 
period  by  the  Congress. 
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ENERGY   RESOURCES   AND    NATIONAL   POLICY 
FINDINGS   AND   RECOMMENDATIONS 

By  the  National  Resources  Committee 


Coal,  oil,  natural  gas,  and  water  power  are  the  prin- 
cipal sources  from  wliicli  we  have  obtained  the  fuel  and 
the  electric  eiiertry  for  the  heat,  light,  and  power  essen- 
tial  to  our  industrial  I'ivilization.  In  recent  years  the 
conser\ation  of  llu'se  great  natural  resources,  their 
orderly  tlevelopnieut,  their  readiness  in  case  of  need  for 
the  national  defense,  and  the  preservation  in  economic 
health  of  the  industries  tliat  make  them  available  have 
become  matters  of  national  concern.  We  have  realized 
that  tlie  abundance  provided  for  our  use  by  nature  will 
not  last  forever;  we  are  l)egiuning  to  realize  that  the 
welfare  of  millions  of  our  people  is  bound  up  in  these 
great  industries. 

In  the  past  the  Fedei-al  Government  and  the  States 
have  undertaken  various  measures  in  oi'der  to  conserve 
and  to  assure  the  wise  use  of  these  resources.  In  gen- 
eral, however,  each  of  these  efforts  has  1)een  directed 
toward  tlie  problems  in  a  single  field:  t(n\ard  the  \n-o- 
tection  of  the  public  interest  in  tlie  power  of  flowing 
water  in  the  Nation's  rivers;  towai'd  the  relief  of  eco- 
nomic and  human  distress  in  the  mining  of  coal;  or 
toward  the  correction  of  the  demoralizing  and  wasteful 
practices  and  conditions  in  the  industries  ])roducing  oil 
and  natural  gas.  It  is  time  now  to  take  a  larger  view, 
to  recognize  more  fully  than  has  been  possible  in  the 
past  that  each  of  these  energy  resources  affects  the 
others,  and  that  the  diversity  of  problems  affecting 
them  and  their  interlocking  relationships  require  the 
careful  weighing  of  confliicting  interests  and  jjoints  of 
view. 

Coal 

Our  coal  reserves  have  been  estimated  at  approxi- 
mately 3,000  billion  net  tons,  more  than  half  this  total 
representing  low-grade  bituminous  coal  and  lignite. 
Total  production  to  date  has  been  about  23  billion  net 
tons,  tiie  1937  output  amounting  to  a  little  under  one- 
half  billion  tons.  Almost  70  percent  of  our  total  re- 
serve lies  in  the  semiarid  plains  or  in  the  Rocky  Moun- 
tains, far  from  centers  of  population  and  industry. 
About  85  percent  of  present  production  is  from  the  30 
percent  of  our  reserves  east  of  the  Mississippi  River. 

The  coal  industry  of  the  United  States  has  suffered 
depression  since  1923.  This  depression  has  been  more 
acute  in  the  anthracite  than  in  the  bituminous  coal  in- 
dustry in  recent  years.  As  the  deposits  of  anthracite 
are  virtually  confined  to  Pennsylvania,  the  difficulties 


of  that  industry  have  commonly  been  thought  of  as  a 
State  rather  than  as  a  national  problem.  This  view 
may  prove  sliort-sighted,  l)ut  thus  far  experience  in 
Federal  regulation — except  for  the  period  of  the  World 
War — has  concerned  only  the  bituminous  industry. 
The  following  discussion,  therefore,  will  be  limited  to 
bituminous  coal. 

The  problems  of  the  bituminous  industry  are  not 
new.  They  go  back  to  the  slieer  abuiulance  of  the  un- 
derground i*eserves,  and  to  the  scattering  of  titles  to 
those  reserves  among  scores  of  thousands  of  owners, 
each  of  whom  naturally  has  desired  to  realize  upon  his 
property  by  sale  or  development.  This  condition  early 
led  to  the  opening  of  great  numbers  of  mines  with  a 
capacity  far  in  excess  of  the  natitmal  re(iuirements. 
The  surplus  of  capacity  led  to  a  chronic  tendency  to 
overi)roduc(ion  and  tlie  resulting  chaotic  price  condi- 
tions. During  tlii^  AVorld  War  and  a  few  years  inune- 
diately  following,  coal  shoi'tages  at  home  and  abroad 
.served  to  increase  the  capacity  and  the  industry  pros- 
pered, but  after  l!)-_!3  the  shortages  came  to  an  end. 
Conditions  in  the  industry  since  then  have  been  char- 
acterized by  surplus  capacity,  declining  ])rices,  cut- 
throat competition,  and  pressure  on  labor  standards. 

Following  1929,  the  position  of  the  industry  grew 
still  worse,  and  Federal  regulatory  measures  have  been 
attempted.  The  current  measure,  the  Bituminous  Coal 
Act  of  1937,  is  a  crystallization  of  25  years  of  investi- 
gation by  the  Congress  and  the  Executive  of  the  prob- 
lems of  coal  mining.  The  act  of  1937  represents  a 
growing  conviction  that  something  had  to  be  don(>.  In 
bringing  the  coal  industry  under  public  regulation,  the 
United  States  was  repeating  the  experience  of  virtually 
every  other  coal-producing  country,  although  our  ac- 
tion was  not  conscious  imitation;  rather  it  is  clearly 
traceable  to  national  origins.  The  causes  underlying 
this  world-wide  tendency  are  in  large  part  the  pressure 
of  surplus  coal-mining  capacity. 

What  we  are  witnessing  in  the  United  States  is 
probably  the  beginning  of  a  continuing  public  control, 
which  in  some  form  or  other  will  be  a  permanent 
national  responsibility.  It  is  therefore  of  the  utmost 
importance  that  we  build  firmly  now  so  that  any  sub- 
sequent modifications  of  approach  can  be  intelligently 
made.  The  possible  evolution  of  American  policy  to- 
ward the  coal  industry  becomes  clearer  in  the  light  of 
European  experience.    Continental  and  British  control 
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of  coal  mining  began,  like  American,  with  the  regula- 
tion of  prices.  But  there  has  been  a  clearly  defined 
tendency  to  supi^lement  price  control  with  cooperative 
marketing  associations,  or  with  the  allotment  of  ton- 
nage quotas. 

Oil  and  Gas 

Our  proven  oil  reserves  have  been  estimated  at  15 
billion  barrels,  in  comparison  with  1937  consumption 
of  about  11^  billion  barrels.  Our  natural  gas  reserves 
have  been  estimated  recently  at  from  60  to  100  trillion 
cubic  feet,  in  comparison  with  1937  production  of 
somewhat  more  than  2  trillion  cubic  feet.  Although 
discovery  has  more  than  kept  pace  with  production  of 
these  resources,  proven  reserves  are  so  small  in  com- 
parison with  amiual  consumption  that  these  energy 
producers  must  be  considered  as  strictly  limited.  With 
the  Nation  so  dependent  on  liquid  fuels  particularly, 
it  would  certainly  seem  to  be  the  part  of  wisdom  to 
proceed  cautiously  in  the  use  of  this  resource.  Yet, 
today  we  are  deijleting  our  reserves  of  oil  faster  than 
the  rest  of  the  w-orld.  We  must  consider  the  possi- 
bility of  being  first  among  the  oil-producing  nations  to 
feel  the  pinch.  We  must  consider  whether  to  use  more 
wisely  our  available  supply,  to  manufacture  high-cost 
substitutes,  or  to  depend  on  foreign  oil  for  our  motor 
cars  and  airplanes,  our  tractors,  and  our  battleships. 
After  our  natural  reservoir  oil  is  exhausted  or  after 
the  shortage  becomes  serious,  we  can  turn  to  oil  pro- 
duced from  coal,  to  oil-bearing  rock  or  shale,  or  to 
alcohol  from  vegetable  matter.  But  these  processes 
make  a  liquid  fuel  available  only  at  much  higher  costs. 
Consequently,  although  we  need  not  be  alarmed  over 
the  possible  breakdown  of  our  motorized  civilization, 
we  may  well  concern  ourselves  over  the  higher  costs 
that  we  should  have  to  pay  after  exhaustion  of  natural 
reservoir  oil. 

Although  the  various  State  systems  of  restricting  pro- 
duction in  flush  pools  were  developed  for  another  pur- 
pose, in  many  instances  they  have  made  a  considerable 
contribution  toward  conservation.  Still  the  problem  of 
conservation  has  not  been  solved  under  the  present 
State  system  of  regulating  production  in  the  oil  in- 
dustry. State  legislation  compelling  proration  of  oil 
pools  has  probably  resulted  in  many  instances  in  social 
savings,  but  imder  the  present  system  of  proration,  the 
initiative  lies  with  the  States.  The  Federal  Govern- 
ment is  unable,  except  by  suggestion,  to  initiate  any 
general  improvement  in  pi-oduction  procedure  or  in 
standardized  regulation  of  the  industry  throughout 
the  coimtry;  but  if  broad  conservation  measures  are  to 
be  adopted  for  the  oil  and  gas  industry,  only  the 
Federal  Government  can  be  expected  to  initiate  them. 
The  competitive  interests  among  producers  and  States 


are  so  strong  that  only  the  Federal  authority  can  be 
i-elied  on  to  bring  forth  strong  conservation  measures. 
The  general  goal  of  all  Federal- State  legislation  affect- 
ing oil  and  natural  gas  should  be  to  eliminate  waste  of 
these  resources  and  to  stretch  the  life  of  underground 
reserves  over  as  long  a  period  as  possible  without  un- 
duly restricting  the  more  important  uses  of  the 
products. 

In  many  States  the  courts  have  already  modified  the 
rule  of  capture  so  that  a  landowner  can  recover  only 
a  certain  amount  of  oil  within  a  given  period.  Al- 
though the  right  of  capture  has  been  modified  some- 
what, it  needs  to  be  completely  displaced  by  a  thorough- 
going law  of  ownership  in  place,  which  would  allot  to 
each  producer  that  proportion  of  the  oil  and  gas  in  the 
common  reservoir  which  underlies  the  land  he  owns  or 
controls.  The  economic  advantages  of  unit  operation 
and  scientific  management  of  oil  and  gas  pools  are  so 
overwhelming  and  so  generally  approved  by  techni- 
cians that  some  legal  device  of  providing  for  their 
adoption  and  enforcement  will  surely  be  forthcoming 
as  the  threat  of  exhaustion  becomes  imminent. 

Water  Power 

The  use  of  water  power  in  the  United  States  is  about 
as  old  as  the  industrial  history  of  the  country.  It  was 
not  mitil  invention  of  electric  energy  transmission, 
however,  that  the  energy  of  falling  water  became  avail- 
able anj-where  except  at  the  power  site.  Today  with 
modern  transmission  equipment,  a  large  hydroelectric 
plant  conceivably  might  supply  electric  energy  any- 
where within  a  circular  area  of  200,000  square  miles 
centered  at  the  fall,  i.  e.,  an  area  twice  as  large  as  the 
combined  land  area  of  the  States  of  New  York,  Penn- 
sylvania, and  New  Jersey,  or  considerably  more  than 
tliree  times  the  area  of  all  the  New  England  States 
combined. 

As  a  source  of  energy,  water  power  affects  and  is 
affected  by  the  available  mineral  fuels,  but  it  differs 
from  theni  in  that  it  is  not  reduced  by  use.  Water 
power,  in  sharp  contrast  with  the  mineral  fuels,  is  an 
energy  resource  that  renews  itself.  Our  country  would 
indeed  be  fortunate  in  some  respects  if  all  the  demands 
for  energy  could  be  met  by  water  power,  but  at  best 
our  water  ^jower  resources  can  supply  only  a  fraction 
of  the  Nation's  energy-  requirements.  It  has  been  esti- 
mated, for  example,  that  all  our  water  power,  including 
lioth  that  developed  and  that  feasible  of  development, 
could  produce  energy  annually  equivalent  to  only  about 
one-fourth  of  the  energy  contained  in  all  mineral  fuels 
consumed  in  the  country  in  1937  for  all  purposes. 

Even  the  power  requirements  of  the  relatively  near 
future  will  make  necessary  new  supplies  of  energy  ex- 
ceeding the  potential  output  of  all  the  available  and 
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feasible  undeveloped  water-power  sites  in  most  indus- 
trial rejrions.  A  relatively  small  growth  in  the  power 
load,  surely  to  be  expected  under  anj'thing  like  normal 
conditions,  will  bring  this  to  pass  in  a  very  few  years. 
For  example,  the  total  amount  of  potential  and  feasible 
undeveloped  water  power  within  present  economic 
transmission  distance  of  the  larger  industrial  and 
urban  areas  in  the  eastern  half  of  the  country  would 
not  supply  even  their  present  needs  for  electric  energy 
without  tlie  aid  of  fuel. 

In  spite  of  this  potential  demand  for  water  power, 
it  is  well  to  point  out  that  the  quantity  of  water  power 
that  will  be  available  is  greatly  dependent  on  govern- 
mental policy.  The  storage  and  controlled  release  of 
water,  which  most  of  the  potential  water-power  sites 
involve,  requires  an  integrated  policy  of  multiple  use 
for  the  water  resources  affected.  For  the  larger  basins, 
an  integrated  policy  of  storage  and  use  seems  not 
witliin  the  scope  of  private  enterprise,  nor  within  State 
or  nuinicipal  scope  without  Federal  cooperation. 
Thus,  the  amount  of  practically  available  water  power 
is  very  mucli  dependent  on  the  extent  of  Federal 
development. 

There  are  rich  possibilities  for  the  development  of 
water  power  as  a  joint  purpose,  in  combination  with 
other  useful  purposes  to  which  a  stream  may  bo 
adapted  or  in  combination  with  measures  to  control  the 
stream  for  other  reasons.  Historically  it  is  true  that 
there  have  been  water-power  developments  which  im- 
paired the  usefulness  of  certain  streams  for  other  pur- 
poses, and  certain  streams  may  have  been  exploited  in 
such  manner  as  to  foreclose  or  reduce  their  future  use- 
fulness for  power.  This  Committee  has  in  recent  times 
pointed  out  that  this  apparent  conflict  can  largely  be 
resolved  on  many  streams,  and  especially  on  great  river 
systems,  if  our  water  resources  are  properly  utilized 
and  wisely  controlled. 

Recommendations 

The  obvious  fields  of  remedy  with  respect  to  con- 
servation of  energy  resources  seem  to  lie  (1)  in  pro- 
moting greater  efficiency  in  the  production  of  the  fuel 
resources  from  the  standpoint  of  recovery;  (2)  in  pro- 
moting greater  economy  in  the  use  of  fuels;  and  (3)  in 
placing  a  larger  share  of  the  energy  burden  on  lower 
grade  fuels  and  water  power.  To  serve  these  objec- 
tives, the  following  recommendations  are  advanced: 

1.  Coal. — ^We  believe  that  the  problems  of  the  bitu- 
minous-coal industry  are  too  large  for  any  one  State 
to  solve.  The  intensity  of  interstate  competition 
makes  the  ills  of  the  industry  a  matter  of  national 
concern  and  Federal  responsibility.  Some  form  of 
Federal  regulation  of  bituminous  coal  is  clearly  neces- 
sary. The  particular  form  of  regulation  that  has  been 
written  into  the  Bituminous  Coal  Act  of  1937  undoubt- 


edly represented  the  majority  opinion  within  the  in- 
dustry as  the  best  approach  to  the  problem,  but  a 
judgment  on  the  effectiveness  of  the  measure  must  be 
withheld  until  the  act  has  become  fully  operative. 
Every  opportunity  should  be  provided  for  conclusive 
experiment  with  the  system  of  controls  which  the  law 
requires.  It  is  well  to  bear  in  mind  that  although  the 
act  is  limited  to  4  years,  the  problem  witli  which  it 
deals  is  not  a  short-lived  emergency.  Whatever  modi- 
fications tlic  experience  gained  under  the  4  years  of 
life  of  the  present  act  may  suggest,  the  need  for  public 
supervision  of  the  coal  industry  will  remain  perma- 
nently. Some  means  are  required  for  effectively  bal- 
ancing production  against  requirements,  whether  by 
control  of  prices,  by  control  of  distribution,  or  by  both. 
A  less  immediate  but  more  fundamental  need  is  to  con- 
trol the  opening  of  new  mines  and  retard  expansion  of 
capacity  beyond  reasonable  requii-ements.  Adequate 
safeguards  must  be  i)rovided  for  maintaining  labor 
standards  and  protecting  the  rights  of  consumers  by 
Government  supervision  of  the  system  of  regulation. 

2.  O'd  and  gat<. — -Wo  propose  that  a  Federal  oil  con- 
servation board  or  commission  should  be  created  within 
the  appropriate  Government  department  to  administer 
the  Federal  interest  in  the  oil-and-gas  industry  and  to 
make  necessary  rides  and  regulations  concerning  the 
j)i()duction  of  and  commerce  in  oil  and  gas.  It  should 
have  the  authority  to  require  that  oil  and  gas  be 
extracted  by  sucli  methods  as  are  adequate  to  avoid 
waste  and  to  protect  the  interest  of  all  producers 
drawing  from  a  conunon  reservoir. 

It  is  recognized  that  the  development  of  minimum 
standards  for  the  production  and  transportation  of  oil 
and  gas  designed  to  further  the  national  interest  in 
conservation  of  these  resources  is  a  complex  problem, 
and  that  such  standards  should  be  developed  in  coop- 
eiation  with  the  State  regulatory  agencies  and  the 
representatives  of  tlie  industry.  It  is  recommended, 
therefore,  that  the  Connally  Act  be  extended  for  such 
time  as  may  be  necessary  for  the  framing  and  enact- 
ment of  an  adequate  Federal  oil-and-gas  measure. 

3.  Water  power. — The  committee  wishes  to  empha- 
size— as  it  has  in  its  previous  reports — that  an  active 
public  policj'  of  multiple-purpose  development  of 
water  resources  is  desirable,  particularly  in  view  of  the 
pressing  character  of  problems  related  to  flood  control, 
public  water  supply,  stream  pollution,  irrigation,  and 
navigation.  An  active  policy  of  public  development 
of  water  power  is  likewise  desirable  under  certain  ap- 
propriate conditions.  Both  the  development  directly 
for  power  purposes,  where  there  is  no  conflict  with 
more  urgent  water  control,  and  the  best  feasible  use  of 
the  head  made  available  by  water  storage  for  other 
purposes  would  contribute  toward  the  attainment  of 
three  major  national  objectives,  namely :  {a)   conser- 
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vation  of  scarce  fuel  materials — petroleum,  natural  gas, 
and  the  higher  grade  coals;  (b)  strengthening  the  na- 
tional economy,  through  making  cheaper  electric  en- 
ergy more  widely  available;  {c)  strengthening  the  na- 
tional defense,  through  assuring  an  ample  supply  of 
electric  energy  in  time  of  war. 

Multiple-purpose  plans  for  stream  development 
which  are  aimed  at  the  several  important  purposes,  in- 
cluding direct  or  incidental  power  production,  should 
be  designed  and  executed  in  terms  of  plans  for  whole 
drainage  basins  or  major  sub-basins.  Design  of  the 
power  system  in  any  of  the  basin  developments  should 
include  the  best  practicable  interconnection  {a)  of  the 
several  plants  witliin  a  basin  system,  (5)  of  neighbor- 
ing basin  systems  (within  the  reach  of  economic  trans- 
mission), and  (c)  of  the  steam  capacity  built  or  ac- 
quired to  balance  capacity.  Federal  policy  should,  in 
general,  embrace  eventual  merging  of  private  wat«r- 
power  plants  into  the  system  covered  by  any  basin 
plan. 

Transmission  of  electric  energy  is  in  many  social  and 
economic  essentials  closely  akin  to  transportation  of 
commodities.  Particularly  as  the  economic  limits  of 
transmission  are  extended,  we  believe  that  the  national 
interest  will  be  served  best  by  coordinated  systems  of 
interconnections  which  will  make  available  in  wider 
markets  energy  derived  from  the  most  economical 
sources,  regardless  of  whether  they  are  large-scale 
hydro  plants  or  efficient  steam  plants.  Such  coordi- 
nated systems  would  make  the  Nation  less  vulnerable 
to  attack  in  time  of  war  and  less  vulnerable  to  the 
emergencies  of  peace  as  well  as  better  prepared  for  the 
continuing  problems  of  peacetime  development. 

4.  Research. — Both  the  production  and  the  use  of 
the  mineral  fuels  are  accompanied  by  a  large  waste  of 
some  of  the  most  valuable  resources  of  the  Nation. 
Naturally,  the  fuels  that  are  easiest  to  obtain  and  most 
convenient  to  use  are  being  depleted  most  rapidly,  leav- 
ing for  future  generations  fuels  more  difficult  of  access, 
less  suited  to  the  uses  for  which  they  are  required  on 
the  basis  of  present-day  values,  or  lacking  in  the  con- 
venience that  gives  them  form  value.  We  believe  that 
the  supplies  of  these  high-grade  fuels  can  be  protected 
from  unnecessary  depletion  by  research  {a)  to  pro- 
mote greater  efficiency  in  production  from  the  stand- 
point of  the  percentage  of  recovery,  (6)  to  promote 
a  greater  economy  in  use,  and  (c)  to  fill  a  larger  part 
of  the  demand  for  energy  by  the  use  of  lower  grade 
fuels. 

Both  fundamental  and  applied  research  should  be 
stimulated  and  supported  by  the  Federal  Government 
in  the  agencies  concerned  with  the  energy  resources, 
and  this  research  work  should  be  vigorously  pointed  in 
the  direction  of  conservation  of  these  resources,  i.  e.. 


toward  the  efficient  use  of  our  energy  resources  in  the 
interest  of  the  national  welfare,  the  avoidance  of  un- 
necessary waste  in  their  production  and  utilization,  and 
the  safeguarding  in  economic  health  of  the  industries 
and  populations  on  which  we  rely  for  the  development 
of  these  vital  resources.  Much  of  this  research  func- 
tion can  be  discharged  only  by  the  Federal  Govern- 
ment, although  important  parts  of  it  have  been  and 
should  be  discharged  by  the  State  governments,  by  edu- 
cational and  other  quasi-public  agencies,  and  by  the 
affected  industries.  Wherever  conducted,  however,  this 
basic  function  of  extending  the  frontiers  of  knowledge 
and  application  in  this  field  requires  and  merits  con- 
tinuing and  vigorous  stimulation  by  the  Federal  Gov- 
ernment. 

5.  Continuous  plan7iing. — A  widening  interest  and 
responsibility  on  the  part  of  the  Federal  Government 
for  the  wise  conservation  and  utilization  of  the  Na- 
tion's energy  resources  raises  many  perplexing  ques- 
tions of  policy  determination.  In  essence,  there  must 
be  continuous  adequate  planning  and  provision  for 
studies  which  will  reflect  the  best  technical  experience 
available  as  well  as  full  consideration  for  both  regional 
and  group  interests. 

Better  to  provide  for  continuous  planning  and  stud- 
ies of  policies,  we  recommend  the  organization  of  an 
advisory  planning  group  for  the  energy  resources. 
This  group,  liowever,  should  comprise  only  one  unit 
in  an  over-all  planning  agency  specifically  established 
within  the  Federal  Government  to  serve  the  President 
and  the  Congress  in  an  advisory  capacity  on  planning 
and  policy  matters  for  all  our  national  resomxes. 
Members  of  such  an  energy  resources  planning  group 
should  include  i-epresentatives  from  the  Federal  and 
State  agencies  concerned,  from  the  industries,  and  out- 
side experts.  The  organization  of  such  an  advisory 
planning  group  would  not  mean  the  abolishing  of  the 
planning  functions  now  carried  on  by  existing  agencies. 
To  the  contrary,  planning  in  existing  agencies  would 
have  to  be  encouraged  and  strengthened;  for  without 
it  the  over-all  planning  group  would  be  left  without 
background,  experience,  and  technical  assistance. 

Conclusion 

We  have  pointed  out  earlier  in  this  statement  that 
it  is  now  time  to  take  a  larger  view ;  to  recognize  that 
each  of  our  great  natural  resources  of  energy  affects  the 
others.  Bitxnninous  coal,  petroleum,  natural  gas,  an- 
thracite coal,  and  water  power — in  descending  order  of 
relative  contribution  to  the  Nation's  energy  supply — 
these  are  the  energy  foundations  of  our  industrial  civ- 
ilization. A  policy  for  any  one  of  these  resources  is 
bound  to  affect  its  relative  position  with  respect  to  the 
others. 
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It  is  difficult  in  the  loiijx  run,  tlipivforp,  to  envisajre  a 
national  coal  policy  or  a  national  petrolenni  policy  or 
a  national  water-power  policy  without  also  in  time  a 
national  policy  directed  toward  all  these  enerff}'  pro- 
ducei-s — that  is,  a  national  ener<;y  resources  policy. 
Such  a  broader  and  integrated  policy  toward  the  prob- 
lems of  coal,  petroleum,  natural  gas.  and  water  jiower 
cannot  W  evolved  overnight,  for  each  of  those  problems 
is  amazingly  complex  and  in  combination  they  repre- 
sent more  than  a  simple  sum  of  problems. 

Despite  the  complexity  of  tho.se  problems,  in  tiie 
national  interest  we  shall  have  to  move  in  the  direction 
of  solutions.  It  is  well  to  remember  that  the  present 
and  proposed  regulatory  measures  which  we  have  dis- 
cussed are  designed  to  promote  the  development  of  the 
energy  resources  industries  along  lines  that  will  be 
consistent  with  the  broad  national  interest.  The  prob- 
lems of  conservation  which  dictate  these  measures  are 
not  the  result  of  passing  emergencies.  Rather,  they  are 
continuing  problems,  and  if  they  cannot  be  solved  by 
the  regulatoi-y  approach  then  we  may  anticipate  with 
some  confidence  that  there  will  emerge  an  insistent  and 
eventually  irresistible  demand  for  jxiblic  ownership 
and  control. 

The  paramount  responsibility  of  Government  is  to 
protect  the  general  welfare.  That  way  lies  safety  and 
a  progressive  evolution  of  our  economy  and  of  our  po- 
litical institutions.  No  amount  of  confusing  legalistic 
discussion  of  limitation  of  powers  can  obscuie  the 
realitj'  of  the  choices  before  us.  To  protect  the  general 
welfare  in  our  time — in  an  industrialized  and  urban 
economy — means,  above  all  else,  to  buihl  and  maintain 
in  good  ()r(ler  a  sound  economic  structure.     In  an  in- 


dustrial civilization  the  energy  resources  constitute  the 
foundation  of  (hat  structure. 

The  broadening  of  the  Federal  interest  with  respect 
to  these  energy  resources  has  been  justified  primarily 
on  the  basis  of  the  need  for  their  conservation,  broadly 
defined  to  mean  their  wise  use.  But  it  nuist  be  ob- 
served (hat  the  need  for  conservation  is  but  a  special 
case.  The  general  case,  is  that  Grovernment  intervenes 
with  control  measures  wlien  liie  economic  organization 
of  a  segment,  of  the  economy  is  such  as  not  to  yield 
socially  desiiable  results.  If  the  economic  organization 
is  one  of  monopoly,  "natural"  or  contrived,  Govern- 
ment inti>rvenes  to  restrain  the  exercise  of  the  privi- 
leges of  monopoly;  e.  g.,  i-ale  regulation  or  yardstick 
regulation  of  electric  utilities.  If  the  economic  organ- 
ization is  such  that  competitive  conditions  and  prac- 
tices produce  chronic  depressicm  in  the  industry  and 
demoralizing  distress  among  those  dependent  on  the 
industry,  then  Govermnent  intervenes  to  seek  correc- 
tion of  tiiose  (■(mditions  and  practices;  e.  g.,  regulation 
of  tile  bituminous  coal  industry.  If  the  economic  or- 
ganization is  such  as  to  I'esult  in  grave  waste  of  irre- 
placeable and  di.stinctly  limited  resources,  then  Govern- 
ment may  and  should  intervene  to  [)rotect  the  public 
interest  in  conserving  tlie  sup])lies  of  (hose  resources; 
e.  g.,  the  case  for  the  determiiuitiou  and  enforcement 
of  minimum  Federal  standards  in  (he  production  and 
transportatioTi  of  ]x»troleuiu  and  natural  gas. 

It  is  not  likely  that  backward  steps  will  be  taken; 
it  is  not  likely  (hat  we  .shall  retreat  from  the  social  and 
economic  advances  made  in  tlie  domain  of  the  energy 
resources.  Rather,  it  is  likely  (hat  we  shall  press  on 
toward  the  objective  of  the  general  welfare. 
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The  White  House 
Washington 

March  15,  1938. 

Hon.  Harold  L.  Ickes, 

Chairman,  National  Resources  Committee, 

Washington,  D.  C. 
Mt  Dear  Mr.  Secretary: 

The  need  for  a  comprehensive  study  of  oui  energy  sources,  their  prudent  utilization 
and  conservation,  and  their  competitive  relation  to  each  other  and  to  the  national 
economic  structure  becomes  increasingly  evident.  I  know  that  much  basic  material 
has  been  gathered  by  various  branches  of  the  Government  and  that  studies  of  various 
aspects  of  this  broad  subject  are  continuously  being  made  by  these  agencies. 

However,  I  believe  that  the  subject  is  important  enough  to  warrant  particular 
attention  with  a  view  to  concentrating  the  available  data,  and  presenting  the  outlines 
of  a  program. 

Accordingly,  I  am  requesting  the  National  Resources  Committee,  in  consultation 
with  all  other  interested  agencies  of  the  Government,  for  example,  on  water  power 
problems  with  the  Federal  Power  Commission,  on  oil  and  gas  problems  with  the  Petro- 
leum Conservation  Division,  and  on  coal  problems  with  the  Bituminous  Coal  Com- 
mission, to  undertake  this  task  with  a  view  to  lettuig  me  have  a  report  with  findmgs 
and  recommendations  at  the  earliest  time,  but  certainly  before  the  next  regular  session 
of  Congress. 

Sincerely  yours, 

Franklin  D.  Roosevelt. 
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National  Resources  Committee 

Interior  Building 

Washington 

January  19,  1939. 

Hon.  Frederic  A.  Delano, 

Chairman,  Advisory  Committee, 

National  Resources  Committee. 
Dear  Mr.  Delano: 

We  have  the  honor  to  transmit  herewith  a  report  on  "Energy  Resources  and 
National  Policj^"  prepared  in  accordance  with  the  request  of  the  President  to  the 
National  Resources  Conunittee  on  March  15,  193S. 

In  compliance  Avith  the  letter  and  the  spirit  of  the  President's  request,  the  Federal 
bureaus  and  agencies  concerned,  as  well  as  several  selected  State  agencies  and  private 
organizations  and  institutions,  have  been  consulted  and  have  submitted  voluminous 
basic  data  and  analyses  necessary  in  the  consideration  of  this  complex  problem.  These 
data  have  been  digested  and  sununarized  and  suggestions  on  poUcies  prepared  by  Dr. 
Ralph  J.  Watkins,  assisted  by  a  research  stalF  especially  organized  for  the  purpose. 

The  report  as  submitted,  therefore,  consists  of  two  parts: 

(o)  A  summary,  including  discussions  of  policies. 

(6)  Supporting  data  and  detailed  analyses  by  specialists  both  within  and  outside 
the  Federal  Government. 

Representatives  of  the  interested  Federal  agencies  that  have  supplied  the  factual 
material  and  analyses  have  also  been  given  opportunity  to  re\new  the  summary  and 
have  made  suggestions  which  have  been  incorporated  in  the  report. 

The  findings  and  recommendations  which  we  endorse  in  principle  have  been  sum- 
marized and  are  contained  m  the  opening  statement  of  the  report.  Naturally,  this 
endorsement  is  personal  and  is  not  to  be  construed  as  an  official  expression  of  the  views 
of  the  agencies  with  which  we  are  connected.  We  urge  that  adequate  provision  be 
made  for  a  continuing  review  of  the  recommendations  for  policies  contained  therein, 
particularly  in  view  of  the  additional  mvestigations  which  will  be  made  and  of  the 
growing  emphasis  upon  the  wise  conservation  and  prudent  utilization  of  the  Nation's 
energy  resources. 

Respectfully  yours, 

Ralph  J.  Watkins,  Chairman. 

F.  A.  Daubin.  Roger  B.  McWhorter. 

Charles  W.  Eliot,  2d.  W.  C.  Mendenhall. 

A.  C.  FiELDNER.  H.  K.  Rutherford. 

John  W.  Frey.  F.  G.  Tryon. 

Joel  D.  Wolfsohn. 


ENERGY   RESOURCES   AND   NATIONAL   POLICY— A   SUMMARY 


In  our  industrial  civilization  machinery  and  power 
are  key  ■words,  for  the  machines  which  characterize  our 
society  are  power-driven  machines.  The  motive  force 
on  which  we  have  relied  to  turn  the  wheels  of  these 
machines — as  well  as  the  fuel  for  essential  heating  and 
for  the  processes  of  industry- — has  come  largely  from 
exhaustible  resources.  Fortunately,  we  have  coal,  oil, 
and  natural  gas  in  relative  abundance,  but  this  abun- 
dance cannot  last  indefinitely.  These  resources  were 
millions  of  years  in  the  making,  and  every  ton  of  coal 
used,  every  barrel  of  oil  used,  and  every  cubic  foot  of 
natural  gas  used  is  so  much  wealth  drawn  from  nature's 
storehouse.  Water  power,  fortunately,  lies  in  a  differ- 
ent category,  since  to  use  it  is  to  conserve  it.  But 
neither  the  magnitude  nor  the  geographic  pattern  of 
our  industrial  life  has  been  determined  by  falling 
waters. 

This  report  is  concerned  with  the  prudent  utilization 
and  conservation  of  these  energy  resources. 

I.  The  Broader  View 

Coal,  oil,  natural  gas,  and  water  power  are  the  prin- 
cipal sources  from  which  we  have  obtained  the  energy 
for  the  heat,  light,  and  power  essential  to  a  growing 
industrial  civilization.  Particularly  in  recent  years  the 
conservation  of  these  great  natural  resources,  their 
orderly  development,  their  readiness  in  case  of  need 
for  the  national  defense,  and  the  preservation  in  eco- 
nomic health  of  the  industries  that  make  them  available 
have  become  matters  of  national  concern.  We  have 
realized  that  the  abundance  provided  for  our  use  by 
nature  will  not  last  forever.  We  are  beginning  to 
realize  that  the  welfare  of  millions  of  our  people  is 
bound  up  in  these  great  industries. 

Important  legislative  and  administrative  measures 
have  been  undertaken  in  these  directions  with  varying 
degrees  of  success.  In  general,  each  of  these  efforts  has 
been  directed  toward  the  problems  of  a  single  field; 
toward  the  protection  of  the  public  interest  in  the 
power  of  flowing  water  in  the  Nation's  rivers;  toward 
the  relief  of  economic  and  human  distress  and  the  les- 
sening of  waste  in  the  mining  of  coal;  or  toward  the 
correction  of  demoralizing  and  wasteful  practices  and 
conditions  in  the  industries  producing  oil  and  natural 
gas.  It  is  time,  however,  to  take  a  larger  view,  to 
recognize  more  fully  than  has  been  possible  in  the  past 
that  each  of  these  energy  resources  affects  the  others, 
either  directly  through  competition  for  markets  or  in- 
directly through  the  profound  importance  of  energy  in 
the  whole  pattern  of  our  industrial  and  commercial  life. 
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It  is  important  to  note  here  that  the  development  of 
these  resoui'ces  is  already  far  advanced  and  will  con- 
tinue. The  question  is  not  one  of  promoting  or  failing 
to  promote  the  exploitation  of  our  energy  resources. 
The  question  is  whether  the  Nation  shall  permit  this 
exploitation  to  continue  without  adequate  regard  for 
waste,  for  social  objectives,  and  for  future  welfare — or 
shall  endeavor  to  guide  it  into  ways  that  are  more  ef- 
fective for  both  economic  and  social  objectives  than  it 
lias  followed  in  the  past.  Moreover,  consideration  must 
be  given  to  the  interlocking  relationships  among  the 
energy  resources,  to  the  growth  of  energy  requirements 
with  respect  to  the  most  advantageous  sources  of  sup- 
ply for  present  and  future  needs  in  vai-ious  sections  of 
the  Nation,  to  the  vital  importance  of  power  and  the 
liquid  fuels  in  support  of  the  national  defense,  and  to 
the  orderly  scheduling  of  the  development  of  fuel  and 
water-power  resources  in  each  region  for  the  greatest 
economic  and  social  benefit. 

II.  Sources  of  Energy  ' 

The  total  consiunption  of  energy  in  the  United 
States  is  enormous,  proportionately  far  more  than  that 
of  any  other  nation.  It  has  been  estimated  that  our 
consumption  of  power  per  capita  is  50  percent  higher 
than  that  of  Great  Britain,  more  than  twice  that  of 
Germany,  more  than  10  times  that  of  Japan,  and  150 
times  that  of  China.  Heat  for  homes,  buildings,  blast 
furnaces,  and  smelters;  light,  indoors  and  on  the  streets 
and  highways;  power  in  coal,  gasoline,  and  fuel  oil  for 
locomotives  and  motors  in  transportation  by  land,  air, 
and  water;  power  for  every  purpose  from  the  thresh- 
ing machine  to  the  great  turbines  that  drive  electric 
generators — such  needs  for  energy  in  1937  represented 
for  each  family  in  the  country  the  equivalent  of  the 
work  of  120  theoretical  horses  working  8  hours  a  day 
6  days  a  week  for  the  entire  year.  Industries  of  more 
than  local  significance  supplied  most  of  this  energy 
in  the  form  of  coal,  oil,  or  natural  gas  or  in  the  form 
of  electricity  derived  from  one  of  these  mineral  fuels 
or  from  water  power. 

The  total  amount  of  energy  used  each  year  increased 
six-fold  in  the  40  years  1889  to  1929,  and  for  1937  the 
high  figure  of  1929  was  nearly  equalled.  In  1937 
bituminous  coal  supplied  48  percent  of  the  total  amount 


1  For  supporting  evidence  and  detailed  analysis,  see  the  following 
sections  of  the  accompanying  report :  Pt.  I,  sec.  I :  The  Coal  Industry  ; 
pt.  I,  sec.  II  :  The  Petroleum  and  Natural  Gas  Industries ;  pt.  I,  sec. 
Ill :  Potential  Water  Power  in  the  United  States ;  pt.  II.  sec.  I : 
Fuel  Reserves ;  pt.  II,  sec.  II :  Water  Power  Resources ;  pt.  II,  sec. 
Ill :  Substitute  Fuels  and  Marginal  Energy  Resources. 
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of  energy  derived  in  the  United  States  from  nuneial 
fuels  and  water  power  for  all  purposes:  Pennsylvania 
anthracite  supplied  6  percent;  petroleum,  32  percent; 
natural  gas,  10  percent ;  and  water  power,  less  than  4 
percent.  These  figures  relate  to  the  total  supply  of 
energy  for  all  purposes,  including  that  used  us  heat. 
In  the  generation  of  electric  power  for  public  use. 
water  power  constitutes  a  much  larger  proportion — 36 
percent  in  1937. 

Almost  DO  pertvnt  of  the  bituminous  coal  came  from 
eight  States:  We.st  Virginia.  26.7  percent;  Pennsyl- 
vania, 24.9  percent;  Illinois,  11.6  percent;  Kentucky, 
10.6  percent ;  Ohio,  .'5.5  percent ;  Indiana,  3.9  percent ; 
Virginia,  3.1  percent;  and  Alabama,  2.8  percent. 
Nearly  all  the  anthracite  was  mined  in  Pennsylvania. 
The  States  of  Texas,  California,  and  Oklahoma  ac- 
counted for  more  than  three-fourth  of  the  production 
of  petroleum.  Texas  alone  accounting  for  40  percent; 
Louisiana,  Kansas,  New  Mexico,  Pennsylvania,  Illi- 
nois, Michigan,  and  Arkansas  contributed  most  of  the 
T-emainder.  Texas,  California,  Louisiana,  Oklahoma, 
and  West  Virginia  produced  most  of  the  natural  gas. 
Water  power  production  was  distributed  over  wide 
sections  of  the  country  but  was  largest  in  the  Pacific 
States,  the  Middle  Atlantic  States,  and  the  South  At- 
lantic Statas. 

Bituminous  coal  and  anthracite  have  lost  ground 
relatively  since  about  1904,  although  the  actual  quan- 
tities mined  continued  to  increase  steadily  until  1918. 
Since  that  year  the  relative  loss  has  been  accelerated. 
Actual  consumption  of  anthracite  has  shown  a  down- 
ward trend  since  1923  and  that  of  bituminous  since 
1929,  although  in  both  cases  the  record  in  recent  years 
has  been  obscured  by  the  great  depression.  The  fact 
that  the  use  of  coal  has  shown  a  declining  tendency  is 
a  matter  of  serious  concern,  because  it  has  meant  de- 
pressed conditions  in  the  coal  industry  and  a  heavier 
drain  on  the  less  plentiftd  resources.  It  may  be  attrib- 
uted to  many  causes,  but  especially  to  the  competition 
of  oil  and  gas  and  to  the  greatly  increased  efficiency 
in  the  use  of  coal. 

With  the  coming  of  motor  transportation  the  pro- 
duction of  petroleimi  began  a  rapid  advance  to  supply 
the  great  new  need  for  gasoline  and  lubricating  oil. 
This  advance  apparently  is  still  in  progress,  partly  at 
the  expense  of  coal  through  the  substitution  of  oil  for 
coal  as  a  fuel  for  heating  and  partly  through  displace- 
ment of  railroad  transportation  by  motor  transporta- 
tion. Natural  gas  has  followed  the  growth  of  oil, 
owing  in  some  degree  to  their  association  in  production 
but  accelerated  greatly  by  the  remarkable  develop- 
ment of  long  distance  pipe  lines. 

The  power  of  falling  water  in  the  streams  has  been 
developed  at  such  times  and  places  as  justified  hope  of 
profit.     Before  the  introduction  of  coal,  whole  indus- 


tries grew  up  around  the  water  wheels  of  New  Eng- 
land, New  York,  and  Pennsylvania  and  along  the  Fall 
Line  southward.  The  production  of  water  power  has 
closely  followed  the  total  consumption  of  energy,  in- 
creasing manyfold  but  maintaining  about  the  same  rel- 
ative position.  Water  power  is  uniq\ie  as  a  source  of 
energy  in  that  it  is  not  reduced  by  use,  but  is  wasted 
if  not  used.  We  may  continue  to  enjoy  the  power  of 
falling  water  in  the  Nation's  streams  as  long  as  nature's 
j)rocesses  continue  to  function  as  they  do  at  jiresent. 
Coal,  oil,  and  gas,  on  the  other  hand,  must  be  consid- 
ered irreplaceable  national  assets.  This  uniqueness,  to- 
gether with  tiie  circiunstance  that  })ower  is  only  one  of 
the  vital  uses  of  water,  endows  water  jxiwer  witli  a 
special  ])ublic  interest.  Dams  and  other  structures 
tluit  make  tiie  power  available  will  affect  other  uses  of 
the  water  and  the  stream.  Power,  therefore,  must  be 
considered  with  respect  to  other  uses  of  water  and, 
conversely,  other  uses  nuist  be  considei-ed  with  respect 
to  power. 

The  potential  ini])ortance  of  energy  resources  in  the 
economic  development  of  the  several  sections  of  the 
country  will  be  apparent.  No  less  significant  is  the 
influence  that  the  location  of  these  resources  may  have 
on  future  trends  in  population,  industry,  and  com- 
merce. 

IIL  Electric  Energy  = 

The  significance  that  attaches  to  the  production  of 
electricity  for  public  use  arises  from  its  direct  effect 
on  nearly  all  the  people  and  on  most  of  the  industry 
and  commerce  of  the  country.  The  electric  utility 
industry  operates  for  economy  in  relatively  large  units. 
Both  private  and  public  systems  have  bex'n  financed  by 
the  public  sale  of  securities.  The  industry  is  a  public 
necessity  and  a  convenience  to  nearly  everyone;  it  is 
virtually  a  monopoly  in  most  places  and  to  most  of  its 
customers  antl  for  low  costs  and  efficiency  should  be  so. 
For  these  reasons,  efforts  to  control  the  exercise  of  the 
special  privileges  granted  to  this  indu.stry  by  the  pub- 
lic have  been  the  subject  of  legislation  since  its  incep- 
tion. The  industrj'  is  one  of  recent  and  rapid  growth. 
Production  of  electricity  for  public  use  in  1937  was 
more  than  one-fourth  higher  than  in  1929  and  almost 
three  times  that  in  1920. 

Of  the  1937  production  of  electricity  for  public  use, 
36.1  percent  was  derived  from  water  power;  51.3  per- 
cent from  coal,  mainly  bituminous;  7.8  percent  from 
natural  gas ;  and  4.4  percent  from  oil,  with  a  very  small 
amount  from  waste  ftiels  such  as  sawmill  refuse.  Use 
of  fuel  for  generating  electric  energy  represented  only 
a  small  fraction  of  the  total  market  for  coal.  oil.  and 


"For  supporting  evidence  and  det.iilcd  analysis,  see  tile  following 
sections  of  the  accompanying  report  :  I*t.  I,  sec.  Ill :  Totential  Water 
Power  in  the  United  States ;  pt.  II,  sec.  II :  Water  Power  Resources. 
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natural  gas;  but  most  of  the  water  power  output  was 
used  for  this  purpose.  The  proportion  of  electric 
energj'  for  public  use  derived  from  water  power  has 
ranged  from  32  to  40  percent  since  1920.  The  propor- 
tion derived  from  natural  gas  and  oil  has  increased  at 
the  expense  of  the  proportion  derived  fi-om  coal,  al- 
tiiough  the  actual  amount  of  electric  energy  generated 
from  coal  for  public  use  has  steadily  increased  and  in 
1937  was  more  than  twice  what  it  was  in  1920.  Here 
we  have  a  striking  example  of  the  loss  of  coal  markets 
through  greater  efficiency  in  use.  The  production  of 
electricity  from  coal  more  than  doubled  from  1920  to 
1937 — indeed,  from  1920  to  1929 — yet  the  consumption 
of  coal  for  this  purpose  remained  about  the  same.  In 
other  words,  the  electric  industry  obtained  from  every 
pound  of  coal  more  than  twice  as  much  electricity  in 
1937  as  it  did  in  1920.  At  the  1920  rate  50  million  tons 
more  coal  would  have  been  consumed  in  1937,  or  more 
than  one-tenth  of  all  the  coal  mined  in  the  United 
States  in  that  year.  Other  industries,  and  especially 
the  larger  industries  consuming  coal,  have  also  im- 
proved their  efficiencies,  although  in  less  degree. 

Geographically,  the  production  of  electricity  follows 
closely  the  distribution  of  population  and  industrial 
and  commercial  activity  in  the  United  States,  as  would 
be  expected  from  its  intimate  relationship  to  the  people 
and  their  economic  life.  The  geographical  distribution 
of  water-power  production  is  a  matter  of  considerable 
significance.  In  the  Middle  Atlantic  and  East  North 
Central  States  only  one-fifth  of  the  total  production  of 
electric  energy  for  public  use  in  1937  was  generated  by 
water  power.  In  New  England  water  power  produc- 
tion was  two-fifths  of  the  total;  in  the  South  Atlantic 
States,  one-half ;  in  the  Mountain  States,  three-quarters ; 
in  the  Pacific  States,  six-sevenths. 

IV.  The  Problem  of  Conservation  ^ 

The  terms  "conservation"  and  "prudent  utilization" 
connote  a  present  or  threatened  inadequacy  of  some  of 
or  all  the  energy  resources.  Analysis  of  the  field  of 
the  threat — fortunately  not  a  present  inadequacy — 
points  to  oil,  natural  gas,  and  the  higher  grade  coals. 
A  few  figures  bear  out  that  statement.  Our  coal  re- 
serves have  been  estimated  at  somewhat  more  than 
3,000  billion  net  tons,  more  than  half  of  the  total 
reserve  being  represented  by  low-gi-ade  bituminous  coal 
and  lignite.  Expressed  in  terms  of  equivalent  high- 
grade  bituminous  coal,  these  reserves  represent  about 


>  For  supporting  evidence  and  detailed  analysis,  see  the  following 
sections  of  the  accompanying  report :  Pt.  I,  sec.  I :  The  Coal  Industry  ; 
pt.  I,  see.  II :  The  Petroleum  and  Natural  Gas  Industries ;  pt.  I,  sec. 
Ill :  Potential  Water  Power  in  the  United  States ;  pt.  II,  sec.  I :  Fuel 
Reserves ;  pt.  II,  sec.  II :  Water  Power  Resources ;  pt.  II  sec.  Ill : 
Substitute  Fuels  and  Marginal  Energy  Resources ;  pt.  III.  sec.  I  : 
Coal  Mining  Wastes  and  Their  Prevention  ;  pt.  Ill,  sec.  II  :  Phases  of 
Technology  in  the  Petroleum  Industry  ;  pt.  Ill,  sec.  Ill  :  Conservation 
in  Vfe  :  pt.  IV.  sec.  I :  The  Conservation  Movement  with  Special  Ket- 
erence  to  the  Mineral  Fuels. 


2,500  billion  net  tons.  But  the  high-grade,  low  sulphur 
coals  best  suited  to  the  manufacture  of  coke  are  severely 
limited.  Petroleum  in  proven  natural  reservoirs,  ac- 
cording to  current  estimates,  amounts  to  approximately 
■1  billion  net  tons  of  equivalent  bituminous  coal,  and 
currently  estimated  proven  natural  gas  reserves  to  ap- 
l^roximately  3  or  4  billion  net  tons  of  equivalent  bitu- 
minous coal.  Even  oil  shale,  which  in  comparison  with 
oil  in  natural  reservoirs  is  relatively  abundant,  amounts 
to  only  about  21  billion  net  tons  of  equivalent  bitumi- 
nous coal.  It  can  be  seen  readily  from  a  comparison 
of  these  figures  where  the  emphasis  must  be  placed  in 
a  program  of  conservation.  At  this  point  let  it  be  said 
that  conservation  of  energy  resources  does  not  mean 
abstinence  fi-om  use,  or  hoarding ;  rather,  it  means  wise 
use ;  that  is,  the  efficient  use  of  our  energy  resources  in 
the  interest  of  the  national  welfare,  the  avoidance  of 
unnecessary  waste  in  their  production  and  utilization, 
and  the  safeguarding  in  economic  health  of  the  indus- 
tries and  populations  on  which  we  rely  for  the  develop- 
ment of  these  vital  energy  resources. 

It  is  a  commonplace  to  say  that  our  position  with 
respect  to  energy  resources  is  a  fortunate  one,  that 
nature  has  been  bountiful  in  her  endowments  of  our 
domain.  Despite  our  relatively  fortunate  position, 
however,  it  may  be  said  that  our  resources  are  suffi- 
ciently lunited  to  make  the  avoidance  of  unnecessary 
waste  a  matter  of  serious  concern  to  the  Nation.  Al- 
though our  total  coal  reserves  have  been  estimated  at 
approximately  3.000  billion  net  tons  (in  comparison 
with  1929  production  of  slightly  more  than  600  million 
net  tons  and  total  production  to  date  of  about  23  bil- 
lion net  tons),  more  than  half  of  this  total  is  repre- 
sented by  low-grade  bituminous  coal  and  lignite. 
Almost  70  percent  of  the  total  reserve  lies  in  the  semi- 
arid  plains  or  in  the  Rocky  Mountains,  far  from  centers 
of  population  and  industry;  and  about  85  percent  of 
present  production  is  from  the  30  percent  of  the  re- 
serves east  of  the  Mississippi  River.  Pennsylvania 
anthracite  is  more  than  one-fourth  exhausted,  and  some 
of  the  finest  bituminous  seams  would  be  exhausted  in 
from  one  to  three  generations  at  the  1929  production 
rate.  Avoidable  wastes  in  bituminous  coal  mining 
were  estimated  by  the  United  States  Coal  Commission 
in  1923  at  almost  20  percent  of  the  beds  mined.  Prog- 
ress since  that  time,  because  of  depressed  conditions  in 
the  industry,  api^ears  to  be  slight,  if  not  actually  nega- 
tive. Our  problem  with  respect  to  coal  is  not  total 
exhaustion  even  in  the  fairlj'  remote  future  but  rather 
a  relatively  early  inciease  in  cost  because  of  the  de- 
pletion of  the  richer  and  more  accessible  deposits. 
There  is,  moreover,  a  serious  problem  of  economic 
under-utilization,  weiglited  with  grave  .social  implica- 
tions for  the  hundreds  of  thousands  who  now  dejiend 
on  coal  for  a  livelihood,  a  problem  more  pressing  than 
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the  necessity  for  conservation  but  on  the  solution  of 
which  conservation  methods  are  dependent. 

Reserves  of  oil  and  gas  present  a  different  picture. 
Proven  oil  reserves  have  been  estimated  as  of  January 
1,  1938,  at  15  billion  barrels,  in  comparison  with  1937 
consumption  of  about  I14  billion  barrels.  Discovery, 
however,  has  within  recent  years  more  than  kept  pace 
with  production,  and  the  techniques  of  exploration  and 
discovery,  of  extraction,  and  of  refining  are  changing 
and  improving  rapidly.  Nevertheless,  according  to  our 
present-day  knowledge,  oil  must  be  i-egarded  as  a  dis- 
tinctly limited  resource.  Even  if  our  reserves  should 
last  a  century,  we  may  face  a  shortage  with  consequent 
higher  prices  within  a  decade  or  two.  The  dependence 
of  our  civilization  on  low-cost  liquid  fuels  and  lubri- 
cants is  so  great  that  we  simply  cannot  afford  not  to 
concern  ourselves  with  the  prudent  utilization  of  this 
resource.  Recent  estimates  place  our  proven  natural- 
gas  reserves  at  from  60  to  100  trillion  cubic  feet,  in  com- 
parison with  annual  consumption  of  somewhat  more 
than  2  trillion  cubic  feet.  Here  again,  discovery  has 
outdistanced  consumption,  but  the  resource  is  a  lim- 
ited one  and  pi'udence  dictates  wise  use. 

With  a  great  industry  engaged  in  the  extraction  and 
refining  of  petroleum,  with  other  industries  based 
largely  on  low-cost  liquid  fuel,  and  with  the  far-reach- 
ing potential  effects  of  further  expansion  of  oil  and 
gas  into  new  fields  of  application,  it  is  certainly  the 
part  of  wisdom  to  proceed  cautiously  in  the  use  of  these 
distinctly  limited  resources.  We  are  depleting  our  re- 
serves of  oil  faster  than  the  rest  of  the  world.  We  must 
consider  the  possibility  of  being  first  among  the  oil- 
producing  nations  to  feel  the  pinch.  Wo  must  consider 
wlu'ther  to  use  more  wisely  our  available  supply  or  to 
manufacture  high-cost  substitutes  or  to  depend — with 
obvious  hazards — on  foreign  oil  for  our  motor  cars  and 
airplanes,  our  tractors,  and  our  battleships. 

After  our  natural  reservoir  oil  is  exhausted  or  after 
ihe  shortage  becomes  serious,  we  can  turn  to  oil  made 
from  coal,  to  oil  shale,  or — to  a  limited  extent — to  alco- 
hol from  vegetable  matter,  but  at  much  higher  costs. 
Although  no  alai-m  need  be  felt  over  the  possible  break- 
down of  a  iHDtorized  civilization,  we  may  well  be  con- 
cerned over  the  higher  costs  that  we  would  have  to  pay 
and  at  the  prospect  of  handicaps  in  international  com- 
petition. Any  extensive  use  of  the  tides,  tlie  winds,  the 
temperature  differentials  in  tlie  earth  and  in  deep  wa- 
ters, solar  radiation,  and  atomic  energy  would  involve 
such  liigh  costs  bj'  present-known  methods  that  these 
sources  of  energy  must  be  coiisidered  as  very  remote. 

Water  power  as  an  energy  resource  that  renews  itself 
i.s  in  sharp  contrast  to  the  fuels.  Undeveloped  water- 
power  sites  capable  of  producing  about  six  times  as 
much  energy  as  those  now  developed,  or  more  than 
twice  the  total  production  of  electricity  for  public  use 


in  1937  by  fuel  and  water  power  combined,  have  been 
listed  by  the  Federal  Power  Commission  as  being  eco- 
nomically feasible  when  a  market  for  their  output 
exists.  At  best,  however,  water  power  can  never  sup- 
ply a  major  part  of  our  energ}^  requirements.  It  has 
been  estimated,  for  example,  tliat  all  our  water  power, 
including  both  that  already  developed  and  tliat  feas- 
ible of  development,  could  produce  energy  annually 
equivalent  to  only  about  one-fourth  of  the  energy  con- 
tained in  all  mineral  fuels  consumed  in  the  country  in 
1937  for  all  purposes. 

Nature  distributed  these  water-power  resources  with- 
out regard  for  our  present  population  and  its  require- 
ments. The  relation  between  feasible  undeveloped 
water  jwwer  and  present  ))ower  consumption  ranges 
widely.  For  example,  the  Pacific  Northwest  (Oregon, 
Washington,  Idaho)  contains  nearly  half  of  all  the 
Nation's  undeveloped  water  power;  the  potential  out- 
put is  more  than  20  times  the  1937  production  of  elec- 
tricity for  public  use  in  those  three  States.  In  the 
Pacific  Southwest  (California),  Nevada,  Utah,  Ari- 
zona) the  ratio  of  undeveloped  water  power  to  1937 
jjroduction  for  public  use  is  5  to  1;  in  the  Mountain 
and  Plains  States  (Montana,  Wyoming,  Colorado, 
Nortli  Dakota,  South  Dakota,  Nebi-aska,  Kansas),  31,^ 
to  1 ;  in  the  Southeast  (Virginia,  North  Carolina,  South 
Carolina.  Geoi-gia,  Florida,  Kentucky,  Tennes.see,  Ala- 
bama, Mississippi),  21/2  to  1.  There  is  not  enough  po- 
tential and  feasible  water  power  within  present  eco- 
nomical transmission  distance  of  the  larger  industrial 
and  urban  areas  in  the  eastern  half  of  the  country  to 
supijly  their  present  needs  for  electric  energy  without 
the  aid  of  fuel.  It  is  clear  that  power  requirements  of 
the  relatively  near  future  will  make  necessary  in  most 
regions  new  supplies  of  energy  exceeding  the  capacity 
of  all  the  available  and  feasible  water-power  sites. 

V.  Fields  of  Remedy  * 

From  the  evidence  reviewed  in  tiiis  study,  it  appears 
beyond  argument  that  the  Nation's  patrimony  in  en- 
ergy resources  should  be  safeguarded,  that  a  sound 
national  policy  should  bo  concerned  with  the  prudent 
utilization  and  conservation  of  these  resources.  The 
obvious  fields  of  remedy  with  respect  to  conservation 
of  energy  resources  seem  to  lie  (1)  in  promoting  greater 
efficiency  in  the  production  of  mineral  fuels  from  the 
standpoint  of  recovery:  (2)  in  promoting  greater  econ- 
omy in  the  use  of  fuels;  and  (3)  in  placing  a  larger 


*  For  supporting  evidence  and  detailed  analysis,  see  the  following 
sections  of  tlie  accompanying  report :  I't.  I.  sec.  I :  Tlie  Coal  Industry ; 
pt.  I,  sec.  II :  Tlie  Petroleum  and  Natural  Gas  Industries ;  pt.  I, 
sec.  Ill;  Potential  Water  Power  in  the  United  States:  pt.  IV.  sec.  I: 
The  Conservation  Movement  with  Special  Reference  to  the  Mineral 
Fuels;  pt.  IV.  sec.  II:  The  Connally  Act:  Background;  pt.  IV,  .sec.  IV: 
IteRulatory  Measures  in  the  Coal  Industry;  pt.  IV,  sec.  V:  Toward  a 
Federal  Power  Policy. 
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shai'e  of  the  energj'  burden  on  lower  grade  fuels  and 
water  power. 

The  problem  of  preventing  waste  in  the  fuel  indus- 
tries is  primarily  an  economic  one.  An  industry  which 
is  harassed  by  chaotic  conditions  of  competition  can 
hardly  be  expected  to  develop  a  broad  and  socially  con- 
structive program  of  conservation.  Thus,  Federal  at- 
tempts at  aiding  in  solution  of  the  problems  of  these 
industries  have  represented  measures  designed  to  elimi- 
nate uneconomic  practices  or  to  mitigate  some  of  the 
consequences  of  unfettered  competition.  It  is  essential, 
however,  that  the  aim  of  conservation  be  not  lost  sight 
of  in  such  programs. 

Fortunately,  the  aim  of  increasing  the  efficiency  of 
utilization  is  furthered  by  the  profit  motive.  The  con- 
sumer of  fuel  finds  it  very  much  to  his  interest  to  make 
his  purchases  go  farther.  In  consequence,  much  prog- 
ress has  been  made;  and  the  policy  problem  in  encour- 
aging this  type  of  conservation  is  not  so  serious,  al- 
though it  is  present  in  many  uses  of  fuel. 

The  quantity  of  water  power  is  in  a  significant  sense 
dependent  on,  public  policy,  in  the  sense  that  economic 
appropriation  of  much  of  the  potential  power  depends 
on  storage  and  controlled  release  of  water.  For  the 
larger  basins,  an  integrated  policy  of  storage  and  use 
seems  not  within  the  scope  of  private  enterprise,  nor 
within  State  or  municipal  scope  without  Federal  coop- 
eration. Thus,  the  amount  of  practically  available 
water  power  is  verj-  much  dependent  on  the  extent  of 
Federal  development.  Federal  stream  and  basin  de- 
velopments naturally  must  be  considered  from  many 
angles  besides  that  of  promoting  the  use  of  a  replenish- 
able  resource.  The  prudence  of  that  aim,  however, 
would  seem  to  be  soundly  supported. 

The  problem  of  promoting  the  use  of  lower-grade 
fuels  is  essentially  a  problem  in  research;  that  is,  in 
promoting  research  into  methods  of  utilization  of  those 
more  plentiful  fuels  not  now  being  drawn  upon. 

VI.  The  Function  of  Research  in 
a  Conservation  Program  '- 

The  production  and  the  use  of  mineral  fuels  are  ac- 
companied by  large  wastes  of  the  most  valuable  energy 
resoiu'ces  of  the  Nation.  This  waste  may  be  traced  to 
economic  barriers  opposing  the  application  of  known 
methods  of  conservation,  economic  barriers  related  to 
the  existence  of  exceptionally  large  and  accessible  de- 
posits of  the  higher-grade   fuels — natural  gas.  petro- 


■^For  supporting  evidence  and  detailed  analysis,  see  the  following 
sections  of  the  accompanying  report :  Pt.  I,  sec.  I :  The  Coal  Industry  ; 
pt.  I.  see.  II :  The  Petroleum  and  Natural  Gas  Industries  ;  pt.  I,  sec. 
Ill :  Potential  Water  Power  in  the  United  States ;  pt.  II.  sec.  Ill : 
Substitute  Fuels  and  Marginal  Energy  Resources  ;  pt.  III.  sec.  I :  Coal 
Mining  Wastes  and  Their  Prevention ;  pt.  Ill,  sec.  II :  Phases  of 
Technology  in  the  Petroleum  Industry  ;  pt.  III.  sec.  III.  Conservation 
in  Use. 


leum.  and  coal.  The  supplies  of  these  fuels  can  be  pro- 
tected from  unnecessary  depletion  by  research  (1)  to 
promote  greater  efficiency  in  production  from  the 
standpoint  of  the  percentage  of  recovery.  (2)  to  pro- 
mote greater  economy  in  use,  and  (3)  to  fill  a  larger 
part  of  the  demand  for  energy-  by  the  use  of  lower 
grade  fuels. 

The  history  of  petroleum  and  natural  gas  production 
has  been  marked  with  special  evidence  of  waste — par- 
ticularly that  of  natural  gas  associated  with  oil.  In- 
creased technical  knowledge  has  shown  that  the  waste 
of  gas  invariably  means  a  reduction  of  the  quantity  of 
oil  recovered  as  well  as  reduction  of  the  quantity  of 
gas  that  can  be  sold,  but  much  remains  to  be  done  in 
correlating  data  pertaining  to  better  utilization  of  gas 
energ}',  recycling  of  gas  to  recover  more  oil,  storage  of 
excess  gas  in  partly  depleted  fields,  and  improvement 
of  conditions  that  aifect  transportation  of  gas  to 
market. 

The  fact  that  80  to  90  percent  of  the  oil  has  been 
left  in  the  ground  in  many  of  the  older  fields  calls  for 
every  reasonable  effort  to  avoid  premature  abandon- 
ment of  reservoirs.  Present-day  operations  conducted 
in  accordance  with  the  best  known  practices  probably 
leave  50  to  60  percent  of  the  original  oil.  and  some 
fields  may  yield  70  percent  or  more  of  their  liquid  con- 
tent. There  is  reasonable  basis  to  believe  that  anotlier 
decade  of  research  and  practical  application  of  scien- 
tific findings  will  show  today's  best  methods  of  promot- 
ing greater  efficiency  in  production  from  the  standpoint 
of  percentage  of  recovery  as  having  been  inefficient  and 
"wasteful." 

An  increasing  proportion  of  oil  is  being  produced 
from  deejD-lying  reservoir  rocks.  The  attending  high 
pressures  and  temperatures  call  for  new  techniques,  and 
these  are  being  developed  rapidly.  Operations  to  an 
increasing  degree  must  be  based  upon  accurate  knowl- 
edge of  flow  characteristics,  composition,  and  phase  re- 
lations of  reservoir  fluids  in  their  travel  upward  to  the 
surface. 

Although  refining  of  petroleum  may  be  regarded  as 
being  highly  efficient,  yet  industrial  research  is  con- 
stantly providing  improved  methods.  In  the  early 
history  of  the  industry  the  principal  products  were 
kerosene  and  lubricants,  but  with  the  growth  of  a'.ito- 
motive  transportation  the  demand  for  motor  fuel 
caused  a  change  in  refinery  technique.  Gasoline  be- 
came the  principal  product,  and  it  was  accompanied 
by  an  increased  production  of  fuel  oil  which  also  found 
a  ready  market.  It  is  possible  that  in  the  future,  when 
the  supply  of  petroleum  diminishes  and  substitute 
motor  fuels  have  been  developed,  lubricants  will  as- 
sume a  more  important  position  among  the  products 
obtained  from  petroleum.  Refineries  today  are  pro- 
ducing from  crude  oil  charged  to  stills  a  yield  of  44 
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percent  gasoline,  39  percent  fuel  oils,  and  3  percent 
lubricants.  Processes  are  available,  however,  that  can 
produce  80  percent  gasoline  and  have  wide  latitude  for 
adjustment  to  meet  chanfrinjr  demands  by  producing 
larger  proportions  of  other  fractions. 

Careful  surveys  have  shown  that  in  the  underground 
mining  of  coal  3.")  perct?nt  of  the  original  deposit  is 
left  iiiulerground  and  lost.  More  than  half  of  this 
loss  could  be  avoided  wiili  reasonable  eifort.  Costs  of 
mining  are  lowest  in  beds  from  5  to  7  feet  thick.  In 
thinner  or  thicker  beds  the.  costs  are  higher  and  there- 
fore only  the  most  accessible  coal  is  taken;  conse- 
(jucntly,  the  avoidable  losses  are  increased.  In  many 
mini's  the  roof  or  floor  is  bad,  and  part  of  the  coal  is 
left  in  place  as  the  cheapest  way  to  maintain  safe 
working  conditions.  A  third  important  factor  is  the 
cost  of  removing  pillars,  the  cost  of  recovery  of  coal 
in  pillars  frequently  being  more  than  can  be  realized 
from  the  sale  of  the  coal.  Research  in  mining  methods 
may  result  in  the  design  of  systems  of  mining  the  thick 
and  thin  beds  that  will  give  high  extraction  with  low 
costs;  methods  of  control  of  roof  and  floor  may  be 
developed  that  will  make  it  uiqirolitable  to  leave  coal 
in  place:  and  further  study  of  the  properties  of  over- 
lying strata  may  eliminate  excessive  losses  in  pillars. 

Mechanical  mining  has  developed  rapidly,  and  ma- 
chines can  cut  and  load  at  a  high  rate  the  most  ac- 
cesible  coal  in  a  deposit,  l)ut  in  order  to  keep  costly 
machines  constantly  employed  and  to  safeguard  against 
damage  to  them,  nnuh  coal  is  left  behind.  Thorough 
study  of  the  problems  of  mechanical  mining  undoubt- 
edly will  indicate  methods  by  which  losses  may  be 
reduced. 

Meclianical  mining,  and  i)articulai'ly  the  use  of  load- 
ing machines,  eliminates  sorting  the  coal  in  the  mine 
and  requires  an  efficient  mechanical  cleaning  plant  on 
the  surface  if  the  impurities  in  the  coal  are  to  be 
removed.  The  modern  cleaning  plant  developed  by 
industry  has  greatlj^  reduced  losses  of  coal  through 
discarding  uncrushed  lumps  containing  both  impuri- 
ties and  good  coal.  The  mechanical  plant  crushes 
these  lumps,  liberates  and  saves  the  good  coal,  and 
rejects  the  impurities.  Continued  research  in  methods 
of  coal  cleaning  will  result  in  further  elimination  of 
ash  and  sulphur,  the  two  principal  impurities  in  coal. 

Mining  by  stripping  of  overburden  is  an  important 
factor.  By  this  metJiod  beds  that  cannot  be  mined 
economically  by  undei'ground  methods  become  avail- 
able, and  the  recovery  is  high — usually  greater  than 
90  percent.  But  this  gain  is  offset  in  some  areas  by 
the  resulting  destruction  of  soil  resources  or  by  the 
marring  of  the  landscape.  Public  objections  to  this 
method  of  mining  may  be  overcome  by  research  to 
develop  low-cost  methods  for  reclaiming  for  agricul- 
tural or  other  use  the  unsightly  areas  left  behind. 


In  addition  to  losses  in  the  production  of  the  mineral 
fuels  there  are  varying  degrees  of  loss  owing  to  in- 
efficient utilization.  Large-scale  use  of  petroleum  and 
natural  gas  is  a  comparatively  recent  development,  yet 
restnirch  by  industry  has  developed  appliances — -burn- 
ers, furnaces,  and  gasoline  and  Diesel  engines — in. 
which  they  are  burned  efficiently;  and  there  is  ample 
reason  to  expect  further  research  to  lead  to  greater 
efficiency,  that  is,  more  miles  per  gallon  of  gasoline  in 
automobiles  and  more  u.seful  heat  per  pound  of  fuel 
burned  in  furnaces,  hence  less  fuel  used.  This  con- 
servation will  result  from  improved  qualities  in  the 
prepared  fuels  as  well  as  from  im]irovements  in 
methods  of  utilization. 

Perhaps  the  most  accurate  measure  of  improvement 
of  economy  in  the  use  of  fuel  is  given  by  the  records 
of  the  generation  of  power  from  coal  by  the  public 
utilities.  Definite  figures  are  available  that  show  a 
decrease  in  the  average  consumption  of  coal  by  public 
utility  power  i)lants  from  7.05  pounds  per  kilowatt- 
hour  in  1899  to  3.2  pounds  in  1919  and  to  1.42  pounds 
in  iy37.  The  most  efficient  modern  stations  are  i)ro- 
ducing  a  kilowatt-hour  from  0.8  ])oun(l  of  coal.  Boiler 
efficiencies  have  been  raised  from  ('>()  and  70  jjercent  to 
90  and  92  jiercent. 

In  the  last  two  decades  research  has  led  to  the  devel- 
opment of  pulverized-fuel  burning  equipment  with  its 
peculiar  suitability  and  effectiveness  for  the  larger  in- 
stallations, the  spreader  stoker  with  its  ability  to  handle 
a  wide  variety  of  coals,  the  enlargement  of  the  under- 
feed stoker,  the  small  domestic  stoker,  the  highly  ef- 
ficient and  specially  designed  oil  and  gas  burners,  the 
improved  automobile  and  Diesel  engines.  Research  by 
industry  has  made  these  advances  jjossible.  Research 
was  and  still  is  necessary  to  obtain  information  on  the 
chemical  and  physical  characteristics  of  coal,  on  its 
coking  properties,  on  the  mechanism  of  combustion, 
carbonization,  and  gasification,  on  the  fusibility  and 
clinkering  properties  of  the  ash,  on  the  effect  of  size 
on  the  use  of  coal,  and  on  treatment  to  allay  the  dust 
in  coal  used  for  domestic  purposes. 

Naturally  the  fuels  that  are  easiest  to  obtain  and 
most  convenient  to  use  are  being  depleted  most  rajjidly, 
leaving  for  future  generations  the  fuels  more  difficult 
of  access,  less  suited  to  the  uses  for  which  they  are  re- 
quired on  the  basis  of  present-day  vahies,  or  lacking  in 
the  convenience  that  gives  them  form  value.  It  is  evi- 
dent that  substitutes  for  these  fuels  must  compete  on 
the  basis  of  convenience  as  well  as  of  initial  cost. 

The  Diesel  engine  promises  better  fuel  utilization 
than  the  gasoline  engine.  Diesel  engines  not  oidy  af- 
ford more  miles  of  travel  per  gallon  of  fuel,  but  also 
they  probably  will  be  developed  to  use  fuel  similar  to 
much  of  the  raw  material  of  gasoline  manufacture. 
Research  is  necessary  to  reduce  the  present  high  cost  of 
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building  Diesel  engines  and  to  develop  them  so  that 
they  will  perform  as  smoothly  as  gasoline  engines.  Im- 
provements are  to  be  expected,  and  progress  already 
has  been  made  in  the  use  of  Diesel  engines  in  heavy 
trucks,  where  cold  starting,  quick  acceleration,  and 
other  items  of  performance  are  not  so  important  to  the 
user  as  lower  cost  of  fuel. 

In  certain  industries  employing  fuel-burning  equip- 
ment, pulverized  coal,  and  frequently  coal  of  low  rank, 
is  used  in  place  of  liquid  or  gaseous  fuels.  Thus  pul- 
verized coal  is  used  in  cement  kilns,  metallurgical 
furnaces,  and  under  steam-generating  boilers. 

In  the  burning  of  raw  coal  for  the  production  of 
heat  several  outstanding  developments  have  made  pos- 
sible the  substitution  of  lower  grade  coals.  The 
spreader  stoker,  first  developed  for  small  boilers  (100 
horsepower)  and  now  extending  to  larger  boilers  of 
2,000  to  3,000  horsepower,  has  in  the  past  10  years 
brought  about  the  use  of  a  large  quantity  of  the  small 
size,  or  slack,  low-gi-ade  coal  of  high  ash  content  and 
low  ash-fusion  temperature;  the  introduction  of  the 
slagging  type  of  pulverized  fuel  furnace  has  made  i)os- 
sible  the  use  of  much  coal  with  lower  ash-fusion  tem- 
perature; the  development  of  water-cooled  gi-ates  for 
stokers  also  is  extending  the  use  of  low-grade  coals. 
The  small  domestic  stoker  with  automatic  control, 
movement  of  coal  directly  from  the  bin  to  the  stoker, 
removal  of  the  ash  to  the  outside  of  the  house,  together 
with  the  allaying  of  coal  dust,  is  enabling  coal  to  regain 
its  place  in  house  heating. 

Much  research  has  yet  to  be  done  both  by  industry 
and  by  public  and  quasi-public  agencies  to  accomplish 
further  advances.  This  includes  studies  on  the  sizing 
of  coal,  the  properties  of  different  sizes  having  a  direct 
bearing  on  burning  characteristics;  on  the  ignitability 
and  reactivity  of  coal  burning  in  the  raw  state;  on 
coking,  agglutinating,  and  swelling  properties;  on  the 
nature  of  the  volatile  matter ;  on  the  ash  and  its  fusing 
and  slag- forming  characteristics;  on  many  details  in 
connection  with  the  control  and  operation  as  well  as 
the  design  of  virtually  all  coal-burning  equipment. 
Much  improvement  has  yet  to  be  made  in  the  over-all 
efficiency  of  steam  locomotives. 

Research  can  serve  not  only  the  immediate  desire  for 
economy,  but  can  serve  also  the  future  by  devising 
methods  by  which  inaccessible  fuels  are  made  accessible, 
methods  whereby  fuels  are  enabled  to  serve  in  uses  in 
which  they  previously  were  not  serviceable,  and  meth- 
ods of  conversion  whereby  products  of  the  lower-grade 
fuels  can  serve  with  equal  convenience  in  place  of  the 
fuels  having  greater  form  value.  Thus,  research  can 
extend  the  reserves  of  petroleum  and  natural  gas,  can 
develop  methods  for  making  gasoline  and  lubricants 
from  coal,  can  decrease  the  cost  of  making  gas  from 
coal,  can  originate  uses  for  byproducts  whereby  their 


value  will  be  increased  so  that  they  can  bear  a  larger 
part  of  the  burden  of  the  cost  of  coke  making  and 
thereby  make  a  smokeless  and  convenient  fuel  widely 
available,  can  make  coke  of  coals  that  could  not  well  be 
used  in  earlier  coking  processes,  can  develop  methods 
of  recovering  most  of  the  coal  from  thin  and  thick 
beds,  and  can,  in  an  unpredictable  number  of  other 
ways,  bring  about  changes  that  will  conserve  the  Na- 
tion's fuel  resources  and  will  retard  the  inevitable  de- 
pletion of  the  fuels  at  present  considered  to  be  most 
valuable. 

Both  fundamental  and  applied  or  industrial  research 
is  needed  in  the  conservation  of  tlie  national  fuel  re- 
serves. Fundamental  research  is  required  to  apply  the 
constantly  increasing  stream  of  new  knowledge  in  the 
fields  of  chemistry,  physics,  and  geology  toward  ob- 
taining a  better  understanding  of  the  occurrence,  com- 
position, properties,  and  changes  which  the  mineral 
fuels  undergo  in  their  winning,  preparation,  and  utili- 
zation. Such  research  applied  to  geophysical  pros- 
pecting has  resulted  in  the  discovery  of  many  new  res- 
ervoirs of  petroleum  at  lower  costs ;  the  application  of 
physical-chemisti-y  to  petroleum  refining  has  greatly 
increased  the  yields  and  improved  the  quality  and 
efficiency  of  utilization  of  motor  fuel  and  lubricants 
from  petroleum ;  studies  on  the  mechanism  of  combus- 
tion of  solid  fuels  are  fundamental  to  the  continual 
lowering  of  the  pounds  of  coal  required  for  the  genera- 
tion of  a  kilowatt  of  electrical  energy  in  power  stations. 

Fundamental  research  is  conducted  principally  by 
educational,  governmental,  and  institutional  agencies, 
although  some  of  the  larger  industrial  corporations 
also  have  made  and  are  making  important  contribu- 
tions, especially  in  the  petroleum  industry. 

Industrial  research  is  required  to  apply  the  results 
of  fundamental  research  to  the  immediate  problems  of 
industry  in  winning,  preparing,  and  utilizing  fuels. 
Machinery  and  equipment  must  be  developed  to  carry 
out  on  an  industrial  scale  new  reactions  that  have  been 
discovered  by  the  scientists,  as,  for  example,  the  mak- 
ing of  a  high  antiknock  motor  fuel  from  waste  refinery 
gases  or  volatile  hydrocarbons,  heretofore  wasted,  in 
the  recovery  of  gasoline  from  natural  gas;  stokers  and 
furnaces  must  be  devised  to  fit  the  plastic  and  caking 
properties  which  fundamental  investigations  have  dis- 
closed with  respect  to  the  different  kinds  of  coal. 

In  general,  applied  research  on  the  preparation  and 
utilization  of  fuels  is  conducted  by  industry  under  the 
stimulus  of  the  profit  motive;  and,  therefore  conserva- 
tion in  utilization  has  made  much  greater  progress  than 
conservation  in  mining  coal  or  winning  petroleum  or 
natural  gas.  Research  along  these  lines  and  in  the 
substitution  of  lower  gi-ade  fuels  for  the  more  limited 
resources  of  petroleum,  natural  gas,  and  the  higher 
grade  coals  is  less  likely  to  be  conducted  by  industrial 
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interests.  This  type  of  applied  research,  as  well  as 
much  of  the  required  fuiulaineiital  research,  needs  the 
support  of  governmental  agencies. 

It  will  be  recognized  at  once  from  what  has  been  said 
in  this  .section  that  the  research  function  is  a  basic  part 
of  a  program  of  conservation.  It  follows,  therefore, 
that  the  Federal  Government  should  actively  and  gen- 
erously support  this  work  in  all  its  agencies  concerned 
witli  tlie  energy  resources  and  that  this  work  should 
be  vigorously  pointed  in  the  direction  of  conservation. 

The  business  of  the  Fedpr;il  Government  is  much 
more  far-reaching  and  much  more  complex  than  any 
other  busine.=:s  in  our  coiintry.  It  follows  that  if  Gov- 
ernment is  to  be  efficient  there  must  exist  within  the 
Government  establishment  the  soundest  possible  basis 
for  meeting  and  solving  the  problems  that  arise  in  this 
complex  l)usiuess.  Tiiis,  in  turn,  means  that  the  per- 
sonnel of  Government  must  include  authorities  in  each 
of  the  fields  of  human  activity — men  and  women  who 
are  devoting  their  lives  to  some  field  of  si)ecial  knowl- 
edge and  who,  in  the  aggregate,  cover  essentially  all 
fields  and  whose  special  training  and  special  knowledge 
are  at  all  times  available. 

National  policies  must  be  formulated,  and  those 
policies  arc  only  as  sound  as  the  foundation  of  fact 
and  deduction  upon  which  they  rest  and  then  only  to 
the  extent  that  this  foundation  is  utilized.  Most  well- 
conceived  Governmental  action,  if  traced  back  to  its 
source,  will  be  found  to  spring  from  the  work  of  one 
or  many  research  workers,  distributed  among  the  Gov- 
ernment offices  and  laboratories.  They  must  supply 
the  answers  which  are  the  tools  and  the  materials  used 
in  the  formulation  of  sound  policies.  To  be  prepared  to 
supjily  the  answers  to  the  complex  questions  that  will 
be  asked  during  the  next  year  or  the  next  decade,  re- 
search workers  must  be  continually  engaged  in  advanc- 
ing the  frontiers  of  knowledge.  This  is  research.  It  is 
essential  tlmnighout  the  Government  and  nowhere  more 
so  than  in  those  agencies  on  wdiose  work  a  program  of 
conservaf  ion  of  energy  resources  must  be  based. 

VII.  Public  Policy  Toward 
the  Coal  Industry " 

Tlie  coal  industry  of  the  United  States  has  been  in 
a  continuous  depression  since  1923.  This  depression 
has  been  more  acute  in  the  anthracite  than  in  the 
bituminous  coal  industry  in  recent  years.  As  the  de- 
posits of  anthracite  are  virtually  confined  to  Pennsjd- 
vania,  the  difficulties  of  anthracite  have  commonly  been 
thought  of  as  a  State  rather  than  as  a  national  problem. 


*  For  supporting  evidence  and  detailed  analysis,  see  the  following 
sections  of  the  accompanying  report :  Pt.  I,  sec.  I :  The  Coal  Industry ; 
pt.  II.  sec.  I:  Fuel  Reserves,  (1)  Coal;  pt.  III.  sec.  I:  Coal  Mining 
Wastes  and  Their  Prevention ;  pt.  IV,  sec.  I :  The  Conservation  Move- 
ment with  Special  Reference  to  the  Mineral  Fuels ;  pt.  IV,  sec.  IV : 
Regulatory  Measures  in  the  Coal  Industry. 


This  view  may  prove  short-sighted,  but  thus  far  ex- 
perience in  Federal  regulation — except  for  the  period 
of  the  World  'Way — ^has  concerned  only  the  bituminous 
industry.  The  following  discussion,  therefore,  will  be 
limited  to  bituminous  coal. 

The  problems  of  the  bituminous  industry  are  not 
new.  They  go  back  to  the  sheer  abundance  of  the 
underground  reserves.  Application  of  the  common- 
law  doctrine  that  surface  ownership  carries  title  to  the 
underlying  mineral,  which  the  colonists  brought  from 
Stuart  England  to  the  New  World,  resulted  in  scatter- 
ing ownership  of  the  resources  among  some  millions  of 
land  owners.  Adoption  in  1906  of  the  policy  of  with- 
drawing the  coal  lands  still  remaining  on  the  public 
domain  from  further  entry  and  the  passage  in  1920  of 
the  Mineral  Leasing  Act  came  after  virtually  all  of 
the  more  accessible  deposits  had  already  passed  into 
private  control.  Much  of  the  more  valuable  coal  has 
been  sold  by  the  original  holders  to  mining  or  royalty 
companies,  but  title  to  workable  seams  remains  scat- 
tered among  scores  of  thousands  of  owners,  each  of 
whom  naturally  desires  to  realize  upon  his  property  by 
sale  or  hy  development. 

This  condition  early  led  to  the  opening  of  great 
numbers  of  mines  with  a  capacity  far  in  excessi  of  the 
national  requirements.  A  surplus  of  capacity  is  re- 
vealed by  the  first  census  which  gives  an  intelligible 
picture — that  of  1880.  Thereafter,  capacity  continued 
to  expand,  always  outstripping  requirements,  and  in 
the  25  years  immediately  preceding  the  World  War, 
the  bituminous  mines  of  the  country  operated  on  the 
average  only  213  days  a  year.  The  surplus  of  capacity 
and  the  division  of  the  industry  into  many  thousand 
units  scattered  over  32  States  ]iroduced  a  condition  of 
cutthroat  competition.  The  demand  f<n-  coal  is  inelas- 
tic. While  a  shortage  caused  by  a  strike  or  a  lack  of 
railroad  cai-s  may  cause  a  violent  increase  in  price,  the 
ofi'ering  of  even  a  small  tonnage  beyond  immediate 
requirements  has  a  peculiarly  depressing  effect  on  price. 
The  pre-war  sin-plus  of  capacity  led  to  a  chronic  ten- 
dency to  overproduction. 

The  pressure  on  prices  was,  in  turn,  reflected  in  se- 
vere pressure  upon  labor  standards.  Wages  consti- 
tuted more  than  CO  percent  of  the  cost  of  production, 
a  proportion  higher  than  in  any  other  large  industry, 
and  the  operator  found  that  in  tlie  absence  of  agree- 
ment on  a  standard  wage,  he  was  compelled  to  cut  the 
rate.  To  maintain  wages,  collective  bargaining  was 
therefoi-e  seen  to  be  necessary,  and  the  intensity  of 
interstate  competition  required  that  it  be  on  an  indus- 
try basis.  Attempts  at  interstate  wage  agreements  be- 
gan in  the  eighties,  broke  down  completely  during  the 
depression  of  the  ninties,  and  were  revived  in  1898. 
Great  areas  of  the  industry,  however,  remained  non- 
union:   advances  in  standards  were  slow;   and  labor 


16 


National  Resources  Comtnittee 


relations  in  the  industry,  throughout  the  pre-war 
years,  remained  fundamentally  unstable.  Violent 
struggles  occurred  over  the  organization  of  the  non- 
union fields.  The  Paint  Creek-Cabin  Creek  strike  of 
1913  and  the  Ludlow,  Colo.,  strike  of  1914  led  to  blood- 
shed and  Federal  investigation.  Competition  of  non- 
union coal  produced  at  lower  wages  made  it  difficult 
to  maintain  a  reasonable  scale,  and  the  expiration  of 
the  2-year  agreements  in  the  union  fields  was  nearly 
always  accompanied  by  a  deadlock  over  the  terms  of 
renewal.  Suspensions  of  mining  occurred  in  1904:,  1906, 
1908,  1910,  1912,  and  1914,  that  of  1906,  for  example, 
involving  211,304  men  in  10  States,  who  were  idle  63 
working  days. 

In  the  meantime,  coal  operators,  though  continuing 
to  expand  their  business,  found  their  position  finan- 
cially unstable.  In  Illinois  between  1913  and  1915, 
companies  responsible  for  25  percent  of  the  State's  out- 
put were  in  bankruptcy.  In  a  "Statement  of  Facts," 
issued  December  1914,  and  presented  to  President  Wil- 
son, the  operators  of  Illinois  and  Indiana  set  forth  the 
condition  of  their  business : 

The  normal  state  of  the  coal  industry  for  some  years  has  been 
such  as  to  endanger  the  lives  of  the  miners,  to  waste  the  coal 
reserve  *  *  *  and  deprive  these  operators  of  any  hope  of 
profit. 

Moved  by  these  conditions,  the  Indiana  operators 
made  a  formal  presentation  to  the  Federal  Trade  Com- 
mission asking  for  approval  of  collective  action  to  reg- 
ulate competition.  Existing  law  gave  no  authority  to 
approve  such  action. 

The  position  of  the  Illinois-Indiana  operators  at  the 
time  was  somewhat  more  difficult  than  that  of  other 
fields,  but  the  broad  lines  of  the  picture  they  presented 
were  essentially  true  for  the  industry  as  a  whole  in  the 
pre-war  years.  Soft-coal  mining  was  technically  effi- 
cient; it  had  competent  managers  and  able  executives. 
At  the  same  time  the  industry  was  heavily  overcapaci- 
tated,  torn  by  interdistrict  rivalries,  and  characterized 
by  exaggerated  and  wasteful  competition.  Dr.  Joseph 
A.  Holmes,  first  Director  of  the  Bureau  of  Mines,  esti- 
mated the  losses  of  soft  coal  in  mining  at  170,000,000 
tons  a  year. 

The  World  War  raised  the  coal  problem  in  a  new 
form.  Congestion  of  i-ailroad  transport  created  a 
shortage  of  fuel  at  the  point  of  consumption.  The 
inelasticity  of  demand  which  had  depressed  prices  to 
subsistence  level  in  the  pre-war  days  now  caused  a  vio- 
lent increase.  The  average  spot  or  open  market  price 
jumped  from  $1.30  f.  o.  b.  mines,  in  August  1916,  to 
$4.18  in  February  1917.  Emergency  powers  of  control 
were  granted  to  the  Executive  by  the  Lever  Act,  and 
the  United  States  Fuel  Administration  was  created  to 
fix  maximum  prices,  speed  up  the  distribution,  and  ra- 
tion the  limited  supply  by  priorities  in  use.    Through- 


out the  winter  of  1917-18  control  of  the  fuel  supply  was 
among  tlie  most  urgent  23i"oblems  of  industrial  mobili- 
zation. 

For  4  years  after  the  war,  the  coal  problem  remained 
in  the  public  mind  as  one  of  shortage  and  high  prices. 
In  1919,  and  again  in  1922,  disputes  between  operators 
and  miners  shut  down  the  output  of  the  organized 
fields.  The  suspension  of  1919  involved  418,000  men, 
who  were  idle  for  6  weeks.  The  suspension  of  1922  in- 
volved 461,000  bituminous  miners  and  also  142,000  an- 
thracite miners,  a  total  of  603,000  men,  who  were  idle 
on  the  average  for  4^/^  months.  The  supply  was  further 
curtailed  by  shortages  of  railroad  cars,  aggravated  by 
strikes  of  the  railway  switchmen  in  1920  and  of  the 
shopmen  in  1922.  Abroad,  labor  disputes  in  the  British 
mines  in  1920  and  1921  and  occupation  by  the  French 
of  the  Ruhr  coal  mines  in  1923  created  an  abnormal  de- 
mand for  the  export  of  American  coal.  Thus,  the  con- 
dition of  shortage  and  high  prices  lasted  intermittently 
from  1917  through  1922.  During  much  of  this  period 
coal  mining  was  a  highly  profitable  business.  In  the 
runaway  market  of  1920,  spot  prices  at  the  mines  rose 
during  one  month  to  a  peak  of  $9.16  a  ton.  Average 
realization  on  all  coal  for  the  year  1920  was  $3.75  a 
ton. 

Government  control  of  distribution  was  revived  in 
1919-20  under  authority  of  the  Lever  Act,  and  in  1922 
under  the  priority  powers  of  the  Transportation  Act. 
Special  legislation  to  meet  the  1922  crisis  was  thought 
necessary,  resulting  in  the  Federal  Fuel  Distributor 
Act,  effective  one  year  from  September  22,  1922. 
Throughout  this  period  of  shortage,  the  country  was 
acutely  conscious  of  its  dependence  upon  bituminous 
coal.  Bills  for  jjernianent  regulation  were  introduced 
and  debated,  and  in  1922  a  special  commission  with 
statutory  powers  to  investigate  and  report  to  the  Con- 
gress was  appointed  under  the  chairmanship  of  John 
Hays  Hammond. 

After  1923  the  shortages  came  to  an  end,  and  the 
conditions  of  surplus  capacity,  declining  prices,  cut- 
throat competition,  and  pressure  on  labor  standards 
which  had  characterized  the  pre-war  years  reappeared 
in  intensified  form.  The  war  had  led  to  further  ex- 
pansion in  capacity.  It  had  likewise  stimulated  econ- 
omies in  use.  Passage  of  the  Federal  Water  Power 
Act  in  1920  oj^ened  new  hydropower  sites  to  develop- 
ment. A  combination  of  factors  stimulated  the  gi'owth 
of  oil  and  gas.  Before  the  war  the  demand  for  bitu- 
minous coal  had  steadily  increased,  the  production 
reaching  a  wartime  maximum  of  579,000,000  tons  in 
1918.  Thereafter,  the  former  increase  disappeared, 
and  during  the  1920's  the  output  fluctuated  now  above 
and  now  below  a  stationary  plateau,  the  average  for 
the  decade  being  510,000,000  tons  a  year. 

The  combination  of  increased  capacity  and  station- 
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ary  demand  forced  a  drastic  liquidation.  From  1924 
to  1929,  wlicn  business  in  general  was  extraordinarily 
prosperous,  bituminous-coal  mining  suffered  acute  de- 
pression. In  each  year  of  this  jioriod,  the  industry 
suffered  a  net  loss,  as  shown  by  Federal  tax  returns. 
In  1928  the  loss  was  $24,500,000;  in  the  boom  year  1929, 
$11,800,000.  The  average  sales  realization,  f.  o.  b. 
mines,  declined  from  $2.68  in  1923  to  $1.78  in  1929. 
More  than  200,000,000  tons  of  mine  capacity  was  forced 
out  of  production,  and  3,274  mines — commercial,  not 
wiigon,  niiiu's — were  shut  down  or  abantloned.  The 
closing  of  these  mines  involved  the  premature  aban- 
doiunent  of  several  hundred  million  tons  of  our  finest 
ci)als,  nuicli  of  which  was  left  underground  luuler  con- 
ditions which  render  its  subsequent  recovery  possible, 
if  at  all.  only  at  great  increase  in  cost. 

The  chief  burden  of  the  readjustment  rested  upon  the 
mine  workers.  Two  hundred  thousand  men  lost  their 
jobs.  The  machinery  of  collective  bargaining  was 
broken,  and  the  area  covered  by  wage  agreements 
reduced  from  70  percent  to  20  percent  of  the  industry. 
Wages  declined  everywhere,  especially  in  the  fields  un- 
organized. The  process  was  accompanied  by  bitter 
industrial  disputes. 

After  1929  the  position  of  the  industry  grew  still 
worse,  intensified  by  the  depression  of  all  business. 
Wages  were  further  reduced  in  the  South  to  levels  of 
subsistence.  Existence  of  a  special  need  for  relief  was 
early  recognized,  and  in  1931,  2  years  before  the  Fed- 
eral Government  accepted  general  responsibility  for 
relief.  President  Hoover  requested  the  American 
Friends'  Service  Committee  to  undertake  cliild  feeding 
in  the  bituminous  coal  fields. 

The  Bituminous  Coal  Act  of  1937  is  a  crystallization 
of  25  3-ears  of  investigation  by  the  Congress  and  the 
Executive  of  the  problems  of  coal  mining.  Between 
the  congressional  investigatif)n  of  the  Colorado  strike 
in  1914  and  the  passage  of  the  present  law,  there  were 
no  less  than  18  hearings,  investigations,  and  special  re- 
ports on  the  coal  industry.  The  act  of  1937  represents  a 
growing  conviction  that  something  had  to  be  done. 

In  bringing  the  coal  industry  under  public  regida- 
tion,  the  United  States  was  rejieating  the  experience  of 
virtually  every  other  coal-i)roducing  country.  Our 
action  was  not  conscious  imitation,  for  it  is  clearly 
traceable  to  local  origins.  The  point  is,  rather,  that 
as  with  the  problem  of  unemployment,  developments 
in  the  New  World  followed  in  time  sequence  those  in 
the  Old.  Much  as  we  find  ourselves  embarking  on 
social  security  and  the  regulation  of  wages  and  hours 
after  they  have  been  accepted  as  permanent  responsi- 
bilities by  other  countries,  so  now  we  are  emljarking 
upon  regulation  of  the  coal  industry  long  after  it  has 
become  an  accepted  duty  of  government  both  on  the 
Continent  and  in  Great  Britain.     The  fac-t  is  signifi- 


cant not  only  in  suggesting  that  regulation  is  inevitable 
but  in  indicating  something  of  the  lines  along  which  it 
may  develop. 

The  causes  underlying  this  world-wide  tendency  are 
partly  the  pressure  of  surplus  coal-mining  capacity. 
A  surplus  of  capacity  had  appeared  in  various  coun- 
tries before  the  Great  War,  though  less  extensive  than 
in  the  United  States.  As  in  America,  the  war  iiad 
fori'cd  further  expansion  at  the  same  time  that  fuel 
economy  and  the  competition  of  oil,  gas,  and  hydro- 
power  were  curtailing  the  demand  for  coal.  In 
large  part  the  causes  underlying  regulation  are  most 
fundamental.  They  include  the  difficulty  of  adjusting 
capacity  to  demand  inherent  in  coal  mining,  where 
shutting  down  entails  heavy  maintenance  costs  or  pre- 
mature abandonment.  Equally  serious  are  the  dif- 
liculties  of  preserving  fair  labor  standards  where  wages 
constitute  so  large  an  element  of  cost  and  where  the 
offering  of  a  small  tonnage  in  excess  of  immediate  re- 
quirenients  has  so  depressing  an  influence  on  price. 
All  countries  have  likewise  recognized  the  importance 
of  fuel  as  the  base  of  modern  industry.  In  the  United 
States  a  special  i)roblem  has  arisen  in  the  wides[)read 
waste  of  the  underground  resources  which  accompanies 
destructive  competition.  The  Hammond  Commission 
(1923)  placed  the  avoidable  loss  of  coal  in  mining  at 
1  ."iO,flOO,000  tons  a  year,  equal  to  the  annual  bituminous 
])roduction  of  postwar  Germany. 

TTnder  these  conditions,  some  form  of  public  regula- 
tion of  bituminous  coal  is  clearly  necessary.  It  cannot 
be  undertaken  by  the  States,  because  of  the  intensity  of 
interstate  coni[)etition,  and  it  has,  therefore,  l)ec()me  a 
responsibility  of  the  Federal  Government. 

The  particular  form  of  regulation  written  into  the 
1937  Coal  Act  undoubtedly  represented  majority  opin- 
ion witliin  tilt"  industry  as  to  the  best  approach  to  the 
prol)leni.  It  provides  for  a  system  of  fair  miniunun 
prices  at  the  inines,  and  of  marketing  regulations  de- 
signed to  outlaw  unfair  competitive  practices.  Admin- 
istration is  en( lusted  to  a  Federal  Commission.  Rep- 
resentation of  the  industry  is  provided  through  district 
boards  of  producers,  which  have  statutory  powers  and 
duties  but  operate  under  supervision  of  the  Commis- 
sion. Consumers-  are  represented  by  the  provision  of 
an  independent  consumers'  counsel. 

The  law  builds  largely  upon  the  experience  of  the 
N.  R.  A.  Bituminous  Coal  Code,  promulgated  under 
the  National  Industrial  Recovery  Act.  All  disinter- 
ested students  recognize  that  the  N.  R.  A.  Coal  Code 
represented  an  enormous  forward  step.  It  provided, 
for  the  first  time,  a  means  of  common  counsel  and 
collective  action  in  an  industry  previously  torn  by 
district  rivalries  and  cutthx-oat  competition  and  incap- 
able of  either  formulating  or  prosecuting  any  unified 
policy.    Under  the  code  it  became  possible  to  establish 
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collective  bargaining  on  an  industry-wide  basis.  An- 
cient abuses  were  swept  away,  hours  of  labor  shortened, 
and  wages  notably  increased.  Aside  from  its  labor 
standards,  the  N.  R.  A.  code  sought  to  stabilize  the 
market  by  setting  minunum  prices.  New  leadership 
developed  within  the  industry,  and  the  problems  of 
determining  what  constitutes  a  fair  price  and  of  ad- 
justing differentials  in  price  between  one  district  and 
another  were  met  with  a  large  measure  of  success. 
The  weakness  of  the  N.  E.  A.  code  lay  in  unwise  dele- 
gation of  power  to  the  code  authorities  without  suffi- 
cient standards  for  their  guidance,  and  in  lack  of  ade- 
quate means  for  enforcement.  The  1937  Coal  Act 
seeks  to  remedy  these  defects  by  providing  penalties 
for  violation,  by  laying  down  detailed  standards,  and 
by  placing  responsibility  in  a  National  Bituminous 
Coal  Commission.  Producers  violating  the  Code  be- 
come liable  to  a  19y2-percent  tax.  Minimum  prices 
are  to  be  fixed  so  as  to  reflect  relative  market  values, 
avoid  discrimination,  maintain  existing  competitive 
relationships,  and  yield  an  average  income  equal  to 
average  cost.  In  the  last  respect  the  standards  pre- 
scribed differ  from  those  commonly  laid  down  for  the 
guidance  of  railroad  and  utility  commissions.  The  act 
does  not  attempt  to  i]isure  "a  fair  return  on  invest- 
ment" but  merely  to  provide  that  average  return  shall 
not  be  less  than  average  cost,  carefully  defined. 

In  the  event  that  prices  rise  unduly  above  the  pre- 
scribed miniminn,  the  Conunission  is  instructed  to  fix 
maximum  prices.  The  prospect  of  an  increase  suf- 
ficient to  call  for  the  fixing  of  maxima  is,  of  coui-se, 
remote,  but  the  power  would  be  indispensable  in  a 
national  emergency,  and  it  emphasizes  the  fact  that 
the  law  is  a  system  of  jDublic  regulation  rather  than  a 
delegation  of  authority  to  industrial  groups. 

It  is  too  early  to  render  a  final  verdict  on  the  opera- 
tion of  the  new  law. 

Since  the  decisions  of  the  Commission  have  the  force 
and  effect  of  law,  subject  to  judicial  review,  they  must 
be  reached  with  the  care  and  orderly  procedure  ap- 
propriate to  a  regulatory  body.  The  Coimnission  is 
now  proceeding  to  meet  such  standards.  It  is  well  to 
bear  in  mind  that  while  the  act  is  limited  to  4  years, 
the  problem  with  wluch  it  deals  is  not  a  short-lived 
emergency.  What  we  are  witnessing  is  probably  the 
beginning  of  public  control,  which,  in  some  form  or 
other,  will  be  a  permanent  national  responsibility.  It 
is  therefore  of  the  utmost  importance  that  the  Com- 
mission build  firmly  so  that  any  subsequent  modifica- 
tions of  approach  can  be  intelligently  made. 

Among  the  administrative  problems  raised  by  the 
act  is  the  application,  in  so  widely  scattered  an  indus- 
try, of  the  legal  requirement  that  any  person  inter- 
ested is  entitled  to  a  full  and  fair  hearing.  Extension 
of  this  principle  from  the  field  of  public  utility  regula- 


tion, where  the  regulatory  commission  deals  with  a 
limited  number  of  large  corporations,  to  an  industry  of 
many  thousand  competing  units  supplying  some  mil- 
lions of  ultimate  consumers  raises  novel  issues  in  public 
administration.  The  problem  is  to  safeguard  the 
rights  of  the  individual  businessman,  without  a  degi-ee 
of  delay  that  would,  in  effect,  deny  to  Government  the 
exercise  of  its  constitutional  powers. 

The  Commission's  procedure  under  the  law  is  now 
marked  by  evident  desire  to  accord  all  concerned  a  full 
opportunity  to  present  their  views  and  by  a  careful 
marshalling  of  the  facts.  The  act  prescribes  three  steps 
in  the  establishment  of  minimum  prices,  (a)  determi- 
nation of  the  basic  costs,  (b)  proposal  by  the  disti-ict 
boards  of  minimum  prices,  f.  o.  b.  mines,  and  (c)  co- 
ordination of  the  proposed  prices  in  common  consum- 
ing markets.  The  first  two  of  these  steps  have  been 
completed  as  this  report  is  written,  and  the  third  stage 
is  under  way. 

The  possible  evolution  of  American  policy  toward 
the  coal  industry  becomes  clearer  in  the  light  of  Euro- 
pean experience.  Continental  and  British  control  of 
coal  mining  began,  like  American,  with  the  regulation 
of  prices.  But  there  has  been  a  clearly  defined  tendency 
to  supplement  price  control  with  cooperative  market- 
ing associations,  or  with  the  allotment  of  tonnage 
quotas.  These  ideas  find  expression  in  the  Bituminous 
Coal  Act  in  section  12,  which  authorizes  the  creation 
of  cooperative  marketing  agencies  under  the  super- 
vision of  the  Commission.  Membership  in  a  marketing 
agency  is  open  only  to  producers  who  accept  the  act. 
Approval  may  not  be  granted  unless  the  Commission 
finds  that  "the  agreement  under  which  such  agency  or 
agencies  propose  to  function  (1)  will  not  unreasonably 
restrict  the  supply  of  coal  in  interstate  commerce,  (2) 
will  not  prevent  the  public  from  receiving  coal  at  fair 
and  reasonable  prices,  (3)  will  not  operate  against  the 
public  interest,  and  (4)  that  each  such  agency  and  its 
members  have  agreed  to  observe  the  effective  market- 
ing regulations  and  minimum  and  maximmn  prices 
from  time  to  time  established  by  the  Commission  and 
otherwise  to  conduct  the  business  and  operations  of  the 
agency  in  conformity  with  reasonable  regulations  for 
the  pi-otection  of  the  public  interest,  to  be  prescribed 
by  the  Commission." 

Subject  to  the  approval  of  the  Commission  imder 
these  standards,  "a  marketing  agency  may  as  to  its 
members,  or  such  marketing  agencies  may,  as  between 
and  among  themselves,  provide  for  the  cooperative 
marketing  of  their  coal,  at  prices  not  below  the  effective 
minimum  prices,  nor  above  the  effective  maximum 
prices  prescribed  in  accordance  with  section  4." 

To  date,  applications  for  approval  have  been  made 
by  9  regional  marketing  agencies,  with  membership  of 
129,000,000  tons  annual  production.     Seven  of  these 
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have  been  granted  provisional  approval,  and  2  are 
pending  before  the  Commission. 

If  British  experience  is  any  guide,  this  provision  for 
marketing  agencies  is  likely  to  prove  one  of  the  most 
constructive  features  of  the  act.  The  utility  of  the 
marketing  agency  was  recognized  by  the  Supreme 
Court  in  its  decision  approving  Appalachian  Coals, 
Inc.,  the  first  of  such  agencies,  organized  in  1932.  Sec- 
tion 12  provides  a  place  for  cooperative  marketing  in 
the  framework  of  regulation.  In  tlie  absence  of  public 
supervision,  the  field  of  marketing  agencies  was  lim- 
ited. Supervision  by  the  Commission  throws  adequate 
safeguards  around  their  operations,  and  marketing 
agencies  are  now  in  position  to  support  the  objectives 
of  the  law  by  the  instrumentality  of  private  contract. 

Section  14  (a)  of  the  law  instructs  the  Commission 
to  make  investigation  of  the  need  of  conti'ol  of  coal 
production  and  the  means  for  such  control,  including 
the  allotment  of  quotas,  and  to  report  its  recommenda- 
tions to  the  Congress. 

The  act,  therefore,  contains  its  own  provisions  for 
evolution,  should  exjierience  under  the  structure  of 
minimum  prices,  when  established,  make  some  modifi- 
cation of  the  primary  system  of  price  control  desirable. 

Meantime,  it  is  clear  that  wise  administration  would 
seek  a  careful  testing  of  the  operation  of  minimum 
prices,  and  that  neither  time  nor  expense  should  be 
spared  to  make  the  test  conclusive.  It  is  crucially  im- 
portant that  the  understandable  desire  of  the  industry 
for  immediate  relief  from  its  financial  losses,  severe 
though  they  are,  should  not  bo  allowed  to  hurry  the 
Commission  into  preciintate  action,  without  fair  hear- 
ing of  the  persons  affected  or  without  sufficient  evi- 
dence. 

The  administrative  responsibilities  raised  by  the  act 
are  undoubtedly  among  the  heaviest  laid  upon  any  pub- 
lic body.  The  task  resembles  in  many  ways  the  regu- 
lation of  the  railroads  under  the  Interstate  Commerce 
Commission.  It  is  clear  that  this  task  demands  excep- 
tional judgment  and  ability  on  the  part  of  the  Commis- 
sion, and  an  expert  staff  of  the  highest  professional 
competence.  The  act  is  largely  self-financing  since  the 
revenue  derived  from  the  tax  of  1  cent  per  ton  paid  by 
all  producers  should  normally  be  sufficient  to  cover  the 
costs  of  administration. 

The  Coal  Act  is  a  forward  step  in  the  evolution  of  a 
permanent  national  policy  toward  the  greatest  of  our 
energy  resources.  Whatever  modifications  the  experi- 
ence gained  under  its  4  years  of  life  may  suggest,  the 
need  for  public  supervision  of  the  coal  industry  will 
remain.  A  generation  of  experience  before  the  war 
and  the  lessons  of  the  years  1924  to  1933  prove  that 
uncontrolled  competition  under  the  peculiar  conditions 
of  this  industry  leads  to  financial  loss,  depresses  wages, 
unsettles  labor  relations,  and  wastes  resources.     The 


rule  of  enforced  competition  visualized  by  the  antitrust 
laws,  however  salutary  for  business  in  general,  pro- 
duces unfortunate  results  when  applied  to  the  exploita- 
tion of  this  widely  scattered  and  exhaustible  resource. 
Some  device  for  unification  of  policy  is  needed,  and  if 
for  no  other  reason  than  to  protect  the  consumer,  this 
requires  public  supervision. 

The  soundest  form  of  permanent  regulation  will  bo 
that  wliicli  grows  most  natui'ally  out  of  past  and  pres- 
ent experiences  and  which  develops  in  largest  degree 
the  capacity  for  leadership  and  organization  from 
within  the  industry.  The  main  objectives  are  clear. 
The  first  is  to  provide  means  for  effectively  balancing 
production  against  requirements,  whether  by  control 
of  prices,  by  control  of  distribution,  or  by  both  means. 
The  second  objective — less  inunediate  but  more  funda- 
mental— is  to  control  the  opening  of  new  mines  and 
to  prevent  the  expansion  of  capacity  beyond  reasonable 
needs.  Safeguards  must  be  provided  for  the  mainte- 
nance of  labor  standards,  and  the  rights  of  the  con- 
sumer must  be  protected  by  Government  supervision  of 
the  system  of  regulation. 

Improved  economic  conditions  should  permit  the  in- 
dustry to  take  steps  to  minimize  resource  waste  and 
encourage  the  use  of  State  or  Federal  authority  to  that 
end.  As  long  as  coal  mining  operates  in  surroundings 
of  poverty,  no  State  can  well  exercise  its  constitutional 
powers  to  outlaw  wasteful  practices.  The  first  neces- 
sarj'  step  in  reducing  the  preventable  wastes  of  coal  in 
mining  is  to  place  the  industry  on  a  stable  economic 
basis. 

VIII.  Public  Policy  toward  the 
Oil  and  Gas  Industries  ' 

The  rise  in  the  use  of  petroleum  and  natural  gas 
during  the  twentieth  century  has  been  greater  than  the 
growth  of  the  Nation's  total  energy  supi)ly.  In  1899 
petroleum  accounted  for  4.5  percent  of  the  country's 
energ}'  supply  and  natural  gas  for  3.2  percent,  or  a 
total  of  7.7  percent.  In  1937,  when  both  petroleum  and 
natural  gas  reached  peaks  of  relative  importance, 
petroleum  accounted  for  32.4  percent  of  the  national 
energy  supply  and  natural  gas  for  10.4  percent,  or  42.8 
percent  for  the  combination  of  these  two  energy  re- 
sources. Although  some  of  the  growth  in  the  use  of 
these  two  products  represents  a  shift  from  coal  to  oil 
and  gas,  most  of  the  gain  in  oil,  especially  since  1926, 
must  be  attributed  to  the  development  of  new  forms  of 
transportation.  During  the  first  40  years  of  the  oil 
industry  the  principal  product  was  kerosene,  and  the 


'  For  supporting  evidence  and  detailed  analysis,  see  the  following 
sections  of  the  accompanying  report:  Pt.  I,  sec.  II:  The  Petroleum  and 
Natural  Gas  Industries;  pt.  II,  sec.  I:  Fuel  Reserves,  (2)  Petroleum, 
(3)  Natural  Gas;  pt.  Ill,  sec.  II:  Phases  of  Technology  in  the 
Petroleum  Industry  ;  pt.  IV,  sec.  I :  The  Conservation  Movement  with 
Special  Reference  to  the  Mineral  Fuels ;  pt.  IV,  sec.  II :  The  Connally 
Act :   Background. 
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main  use  of  that  product  was  for  illumination.  About 
30  years  ago  the  emphasis  on  products  started  to  change 
from  kerosene  to  gasoline,  and  by  1911  the  quantity  of 
gasoline  produced  exceeded  that  of  kerosene ;  since  then 
gasoline  has  completelj'  overshadowed  kerosene. 

In  terms  of  products,  one  might  characterize  the  first 
40  years  of  the  oil  industry  as  designed  for  illumination 
and  the  past  30  years  as  designed  for  power.  The  pres- 
ent great  economic  importance  of  petroleum  results 
from  its  use  in  transportation  industries  and,  primarily, 
of  course,  in  the  operation  of  motor  vehicles — automo- 
biles, buses,  trucks,  tractors.  The  importance  of  oil  in 
the  transportation  industries  stems  also  from  the  wide- 
spread use  of  residual  fuel  oil  and  Diesel  oil  by  ships 
and  railroad  locomotives,  and  the  use  of  gasoline  for 
airplanes  and  motorboats.  The  entire  motor  transport 
is  dependent  on  petroleum  products,  and  it  has  been 
estimated  that  for  all  the  methods  of  transportation  ap- 
proximately 60  percent  of  the  power  requirements  are 
supplied  by  gasoline  or  by  fuel  oil.  For  all  practical 
purposes  it  may  be  said  that  100  percent  of  the  energy 
requirement  of  automobiles  and  airplanes  is  derived 
from  gasoline ;  93  percent  of  the  total  tonnage  of  ocean- 
going vessels  of  the  United  States  merchant  marine  is 
moved  by  oil  either  in  Diesel  motors  or  as  fuel  under 
boilers ;  and  practically  all  vessels  of  the  United  States 
Navy  are  powered  by  fuel  oil  or  gasoline.  Perhaps  no 
product  has  produced  more  economic  and  social  changes 
than  gasoline,  as  the  entire  fabric  of  the  transportation 
system  has  been  changed  by  the  use  of  automobiles  and 
airplanes.  Without  gasoline  our  agricultural  industry 
might  revert  to  horse  and  mule  power,  but  our  urban 
commerce  and  manufacturing  industries  could  not 
maintain  their  present  organization  without  gasoline. 

The  growth  of  the  petroleum  industry  during  the 
past  30  years  has  been  closely  coordinated  with  the 
growth  in  automobile  registration  and  use.  The  rapid 
expansion  in  the  use  of  gasoline  is  rouglaly  indicated  by 
the  increase  in  motor-vehicle  registration  from  8,000  in 
1900,  to  468,000  in  1910,  to  9,232,000  in  1920,  and  to 
26,445,000  in  1930.  The  most  rapid  rate  of  increase  in 
registration  occurred  prior  to  1920,  and  during  the  de- 
pression years  there  was  a  decline  in  registration.  By 
the  end  of  1937,  however,  registration  had  increased  to 
29,655,000.  Since  1920,  although  the  rate  of  increase 
in  automobile  registration  has  been  less  than  that  in  the 
period  between  1910  and  1920,  there  has  been  a  pro- 
noiuiced  increase  in  the  volume  of  gasoline  consumed 
per  vehicle  in  use. 

The  oil  industry  has  kept  up  with  the  increase  in  the 
demand  for  gasoline  so  successfully  that  the  price  of 
gasoline  has  tended  to  drop  more  rapidly  than  that  of 
other  wholesale  prices  since  1920.  Part  of  this  decline 
in  price  has  been  due  to  technologic  improvements  in 
production  and  refining  of  oil,  but  part  of  it  is  due  also 


to  the  pressure  of  crude  oil  upon  the  market  consequent 
to  a  high  activity  in  the  search  and  drilling  for  oil 
without  the  means  of  assuring  the  employment  of  effi- 
cient production  methods.  The  paradox  of  the  petro- 
leum industry  is  that  since  at  no  time  is  there  a  proven 
reserve  adequate  for  any  long  period,  keeping  pace  with 
demand  requires  continuous  exploratory  effort  in  order 
to  provide  for  the  future;  but  the  high  potential  out- 
put secured  as  a  result  of  exploration  and  drilling  exerts 
an  immediate  depressing  effect  iipon  the  industry. 

In  order  to  maintain  a  rising  volume  of  peti'oleum 
products  many  new  fields  are  required.  Moreover  the 
magnitude  of  demand  places  the  emphasis  on  securing 
large  flush  production.  Production  has  grown  so  much 
in  the  past  20  years  that  at  the  end  of  1937  no  one  field 
in  the  United  States  had  produced  in  its  entire  history 
the  equivalent  of  the  1937  output.  Only  the  great  East 
Texas  field,  with  an  accumulated  production  of  1.13 
billion  barrels  at  that  time,  had  approached  the  1937 
domestic  output  of  1.28  billion  barrels.  It  should,  of 
course,  be  remembered  that  the  East  Texas  field, 
throughout  most  of  its  life,  has  been  under  some  form 
of  proration. 

With  the  extension  of  the  demand  for  petroleum, 
discovery  and  exploratory  efforts  have  increased.  The 
technology  of  search  has  improved,  and  today  oil  is 
being  found  by  methods  that  were  not  available  a 
decade  or  so  ago.  The  extension  of  the  reserve  is  not 
entirely  from  new  discoveries  but  is,  in  pai't,  the  result 
of  the  extension  of  known  fields,  laterally  and  verti- 
cally. Although  much  confidence  is  placed  in  the  pos- 
sibility of  additional  discoveries  by  deep  drilling,  it 
must  be  noted  that  such  extension  of  the  reserve  is  sub- 
ject to  both  technological  and  financial  limits.  Deep 
wells  are  costly  and,  unless  operated  in  accordance  with 
the  best  engineering  practices  now  known,  are  a  serious 
financial  risk,  because  normally,  oil  wells  permitted  to 
flow  without  any  control  dissipate  the  reservoir  energy 
rapidly  and  consequently,  within  2  or  3  years  after  dis- 
covery, retrograde  from  flush  production  to  pumpers. 
In  wide  open  production,  a  large  percentage  of  the  oil 
that  could  normally  be  secured  through  efficient  opera- 
tions is  lost  unless  comparatively  high  cost  methods  of 
secondary  recovery  are  introduced. 

Since  it  is  scarcely  ^wssible  to  predict  the  demand  for 
petroleum  products  over  a  long  period  of  time  and 
since  each  year  brings  discoveries  of  new  oil  fields,  it 
cannot  be  said  with  any  certainty  when  exhaustion  will 
become  a  problem  in  the  United  States.  We  have  pro- 
duced a  large  percentage  of  our  reserves,  and  we  are 
now  using  our  reserves  at  a  faster  rate  than  the  rest  of 
the  world;  and  it  is  entirely  probable  that  we  have 
discovered  a  larger  total  percentage  of  our  total  pos- 
sible reserves  than  any  other  country. 

At  the  present  time  we  account  for  approximately  60 
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percent  of  the  world's  coiismnplioii,  but  only  50  percent 
of  the  proven  reserve.  It  is  likely,  then,  that  the  prob- 
lem of  exhaustion  will  appear  in  the  United  States 
before  it  does  in  the  balance  of  the  world. 

The  rank  of  petroleum  as  a  source  of  energy,  its 
vital  importance  in  national  defense,  its  vulnerability 
to  destructive  forces  in  exploitation,  and  its  compara- 
tively small  reserve  in  comparison  with  the  hi<ih  rate  of 
withdrawal  place  this  commodity  in  a  unique  position 
among  the  natural  resources.  The  welfare  of  the  na- 
tion is  so  dependent  ui«)n  a  continuous  and  reasonably 
priced  supply  of  motor  fuel,  lubricants,  and  other  pe- 
troleum products  as  to  demand  the  consideration  of 
petroleum  from  the  standi)()iut  of  national  policy.  The 
necessity  of  close  cooperation  between  the  Government 
and  the  oil  industry  was  clear  during  the  participation 
of  the  I'nited  States  in  the  A\'orld  \\'ar,  when  a  petro- 
leum division  functioned  in  the  Fuel  Administration. 
Since  1920  oil  development  on  public  lands  has  been 
conducted  with  consideration  for  the  general  welfare, 
and  since  1924  the  Federal  Government  has  in  numer- 
ous ways  indicated  that  )u-ivate  operation  of  the  petro- 
leum industry  should  not  run  contrary  to  the  welfare  of 
the  country  as  a  whole.  Tlie  interest  of  the  Federal 
Government  in  jjetrolciim  revolves  around  the  central 
problem  of  maintaining  an  adequate  supply  at  a  rea- 
sonable price  just  as  long  as  possible. 

The  major  gains  in  the  conservation  of  petroleum 
during  recent  years  have  been  toward  the  greater  re- 
covery of  underground  reserves  and  the  securing  of 
a  larger  percentage  of  valuable  production  through 
refining.  Although  legislation  prohil)iling  the  waste 
of  gas  as  such  is  found  as  early  as  the  1890*s,  the  signifi- 
cance of  the  energv-  value  of  gas  in  the  reservoir  was 
not  generally  recognized  by  the  petroleum  industry 
until  after  1925.  By  1930  most  of  the  petroleum  engi- 
neers had  come  to  recognize  that,  large  ultimate  recov- 
ery was  dependent  upon  holding  as  nuich  gas  as  pos- 
sible ill  solution  witli  the  oil  in  the  ground  and  that, 
in  instances  where  oil  pr()ducti<jn  was  associated  with 
hydrostatic  pressure,  it  was  important  to  maintain  a 
unifiiini  movement  of  water  into  the  oil  sands  as  the 
oil  was  witlidrawn.  It  has  been  estinuited  that  operat- 
ing practices  until  about  1925  led  generally  to  the  re- 
covery of  only  10  to  20  percent  of  the  original  oil  from 
the  reservoir  sands.  By  1934  improved  operating 
methods  had  been  adopted  to  the  point  where  it  is 
estimated  that  a  recovery  of  from  20  to  25  percent  of 
the  oil  was  obtained.  With  the  general  adoption  of 
efficient  metliods  of  recovery  it  is  estimated  that  vary- 
ing amounts  from  30  to  60  percent  of  the  original  oil 
in  the  sand  could  be  obtained  by  primary  methods 
of  recovery. 

In  the  refining  branch  of  tlie  industry  the  develop- 
ment of  the  cracking  process  alone  has  resvdted  in  the 


con.servation  of  a  great  volume  of  petroleum,  for  this 
process  makes  it  possible  to  secure  more  than  twice  as 
much  gasoline  from  a  barrel  of  crude  as  could  be  ob- 
tained under  the  earlier  form  of  straight  distillation. 
The  industry  has  expended  vast  sums  of  money  in  per- 
fecting methods  and  equipment  for  the  production  and 
refining  of  petroleum,  and  in  this  work  there  has  been 
a  considerable  degree  of  cooperation  l)otween  the  indus- 
try, the  oil-producing  States,  and  various  agencies  of 
the  Federal  Government. 

In  spite  of  all  tluit  is  known  concerning  production 
methods,  however,  there  is  no  way  in  most  States  by 
which  tho.se  who  desire  to  produce  oil  without  waste 
can  enforce  their  wishes  upon  those  who  prefer  to 
exploit  wastefully.  Various  attempts  have  been  made 
as  between  individuals,  corporations,  the  States,  and 
the  Federal  (iovernment,  to  secure  the  necessary  de- 
gree of  cooperation  for  large  ultimate  recoveries  of 
petroleum  from  the  underground  reservoii-s.  Among 
the  earliest  attempts  in  this  direction  was  the  volun- 
tar}'  unitization  of  oil  pools.  In  this  type  of  operation 
even  though  tlie  metliods  applied  to  the  single  pool 
might  be  eflicient,  the  production  methods  followed  by 
operators  in  noiuniitized  pools  might  destroy  the  eco- 
nomic benefit,  of  unitization.  In  one  large  oil-produc- 
ing State  the  restriction  of  oil  production  is  virtually 
dependent  upon  voluntary  agreements,  and  although 
a  very  high  percentage  of  the  producers  agree,  those 
who  do  not  for  one  reason  or  another  care  to  go  along 
with  the  progi-am  are  in  position  to  do  as  the}*  please 
and  conse([uently  impair  the  results  of  the  larger 
grou)}.  In  several  States  tlie  restriction  of  production 
in  (lush  pools  is  directly  traceable  to  keeping  down  the 
quantity  of  oil  available  to  the  market  demand.  Sev- 
eral States  have  laws  that  make  it  possible  for  their 
regulatory  bodies  to  ajiply  conservation  priiicijiles  to 
oil  production.  A  number  of  oil-producing  States 
have  no  legislalion  that  could  be  considered  effective 
either  in  proration  to  market  demand  or  in  tlie  con- 
ser\ation  of  reservoii-  energy. 

Although  proration  to  market  demand  is  sometimes 
referred  to  as  a  conservation  method,  such  laws  do  not 
necessarily  result  in  the  prevention  of  undei'giound 
waste.  It  is,  of  course,  possible  that  the  quantity  of 
oil  jiermitted  to  be  withdrawn  from  a  given  oil  pool 
may  be  the  ])ro])er  (piantity  with  respect  to  the  most 
efficient  operation  of  the  pool,  but  it  does  not  follow 
that  it  has  to  be.  Proration  to  market  demand  carries 
with  it  primarily  the  idea  of  price.  Although  produc- 
tion procedure  is  likely  to  be  more  economic  and  more 
in  line  with  good  production  practices  at  $1  a  bari'el 
than  at  $0.20  a  barrel,  measures  designed  primarily  to 
support  price  in  and  of  themselves  do  not  create  a  situ- 
ation designed  to  prevent  waste.  Depressed  gasoline 
markets  at  times  have  resulted  in  demoralized  crude- 
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oil  prices,  with  vitiating  effects  upon  conservation  prac- 
tices. Several  proposals  have  been  suggested  as  to 
methods  which  would  prevent  marketing  conditions 
from  having  an  imdesired  result  upon  production,  but 
as  there  is  no  obvious  solution,  this  problem  merits 
further  consideration. 

Present  Federal  legislation  directed  specifically  to- 
ward the  furtherance  of  a  continuous  supply  of  pe- 
troleum from  private  or  State-held  lands  consists  of 
the  law  commonly  referred  to  as  the  Connally  Act,  ad- 
ministered by  the  Secretary  of  the  Interior  and  the 
act  consenting  to  the  Interstate  Oil  Compact.  The 
first  of  these,  the  Connally  law,  is  designed  to  help  the 
States  enforce  their  oil  laws  by  preventing  the  move- 
ment in  interstate  and  foi-eign  commerce  of  oil  pro- 
duced in  violation  of  State  laws.  The  second  of  these 
is  a  treaty  approved  by  Congress  between  a  number 
of  oil-producing  States  authorizing  them  to  work  to- 
ward uniform  conser\ation  laws.  The  Interstate  Oil 
Compact  has  been  of  value  in  providing  an  agency 
through  which  State  officials  might  meet  in  common 
discussion  of  their  problems,  but  several  of  the  impor- 
tant oil-i^roduclng  States  are  not  members  of  the  Com- 
pact, and  not  all  the  member  States  have  oil  conserva- 
tion laws.  The  Connally  Act  has  served  a  useful 
purpose  in  helping  certain  States  to  enforce  their 
conservation  laws  by  keeping  oil  produced  in  violation 
of  these  laws  out  of  the  stream  of  interstate  and 
foreign  commerce.  The  enforcement  of  that  law  has 
been  notably  effective  in  assisting  the  State  of  Texas 
to  control  the  production  of  the  East  Texas  oil  field. 
Tlie  benefits  of  the  Comially  Act,  however,  are  not 
available  to  the  oil  producing  States  that  do  not  have 
effective  conservation  laws,  and  the  act  does  not  pre- 
scribe standards  for  production. 

Perhaps  the  strongest  basis  for  Federal  regulation 
of  production  and  distribution  of  oil  and  gas  lies  in 
the  Federal  Government's  power  to  regulate  interstate 
commerce.  The  commerce  clause  of  the  Constitution 
has  been  broadly  interpreted  in  the  past  2  years.  The 
cases  relating  to  the  power  of  the  National  Labor 
Relations  Board  to  regulate  industrial  relations  of 
companies  engaged  in  interstate  commerce  indicated 
in  1937  that  the  commerce  clause  applies  to  industrial 
concerns  which  obtain  a  majority  of  their  raw  ma- 
terials from  other  States  and  which  sell  most  of  their 
products  to  customers  in  other  States.  Moreover,  the 
Federal  courts  have  held  that  although  activities  may 
be  intrastate  in  character  when  separately  considered, 
Congress  cannot  be  denied  the  power  to  regulate  them 
if  they  have  such  a  close  relation  to  interstate  com- 
merce that  their  control  is  appropriate  to  protect  that 
commerce  from  obstruction. 

More  recently,  the  power  of  the  Federal  Government 
over  interstate  commerce  has  been  extended  in  the  case 


of  an  electric  utility  company,  where  it  was  held  that 
the  Federal  Government  has  jurisdiction  over  a  com- 
pany whose  operations  are  entirely  intrastate  in  char- 
acter but  which  furnishes  services  essential  to  the 
maintenance  of  interstate  conunerce.  It  was  pointed 
out  in  the  opinion  that  serious  interruptions  might 
occur  in  interstate  and  foreign  commerce  if  industrial 
strife  stopped  the  operation  of  the  services  of  that 
utility.  Moreover,  it  was  held  that  the  exertion  of 
Federal  power  does  not  have  to  await  the  disruption 
of  that  service. 

This  decision  would  seem  to  furnish  a  basis  for  Fed- 
eral regulation  of  production  of  oil  and  gas  and  of  con- 
servation measures  looking  to  the  protection  of  the  pub- 
lic against  the  waste  of  an  irreplaceable  resource.  The 
production  and  transportation  of  oil  and  gas  make  up 
a  stream  of  interstate  commerce  so  continuous  and  so 
widespread  and  so  vital  to  the  country  that  the  legal 
basis  for  protection  of  the  Federal  interest  is  scarcely 
subject  to  debate.  Ineffective  conservation  of  oil  and 
gas  resouiTes  will  hasten  the  rise  in  prices  Mhich  tlie 
agencies  of  commerce  and  other  consumers  will  have  to 
jiay  for  their  fuel.  The  consequences  of  waste  of  oil 
and  gas  and  the  early  exhaustion  of  limited  resources 
would  surely  result  in  a  far  more  severe  interruption 
to  interstate  commerce  than  would  a  strike  in  an  elec- 
tric-power plant  in  New  York  City.  In  addition,  the 
power  of  the  Federal  Government  to  provide  for  the 
national  defense  offers  a  sound  basis  for  regulations 
aimed  at  conserving  oil  and  gas.  In  time  of  war  tliis 
power  would  undoubtedly  become  oi^erative,  but  the 
adequacy  of  a  future  supply  imperatively  requires 
peacetime  protective  measures.  Not  only  are  petro- 
leum products  essential  to  the  Army  and  Navy,  but  it  is 
true  also  that  manufacturing  and  transportation  facili- 
ties, vital  to  the  Army  and  Navy,  are  dependent  for 
their  continued  operation  upon  petroleum.  It  has  been 
estimated,  for  example,  that  during  a  national  emer- 
gency the  demand  for  petroleum  would  increase  by 
one-foui'th.  At  the  present  rate  of  consumption  this 
increase  would  amount  to  about  800,000  barrels  per  day. 
Just  as  the  Supi-eme  Court  of  the  United  States  has 
within  recent  weeks  held  that  the  exertion  of  the  Fed- 
eral power  does  not  have  to  await  the  disruption  of 
services  essential  to  the  maintenance  of  interstate  com- 
merce, so  may  it  be  declared  with  emphasis  that  the 
exercise  of  the  power  to  provide  for  the  national  de- 
fense does  not  have  to  await  the  arrival  of  a  national 
emergency.  Petroleum  is  vital  in  the  national  defense, 
and  to  defer  the  application  of  adequate  conservation 
measures  until  the  declaration  of  a  national  emergency 
is  almost  as  illogical  as  to  defer  similarly  the  construc- 
tion of  battleships. 

The  problem  of  conservation  has  not  been  solved  by 
the  regulation  of  the  petroleum  industry  now  in  force 
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in  those  Stak-s  iliat  havu  laws.  No  State  is  now  in  posi- 
tion to  protect  itself  from  another  State,  and  conse- 
quently no  State  can  in  equity  to  its  own  industry  en- 
force regulations  appreciably  more  effective  than  those 
of  other  States  competing  for  the  same  market.  Pro- 
duction without  any  thought  of  a  large  ultimate  yield, 
that  is,  wasteful  production,  may  seem  more  im- 
mediately profitable  tlian  production  controlled  to 
secure  more  oil  over  a  larger  period.  The  State  look- 
ing to  the  future  of  its  tax  returns  should  recognize 
that,  althougli  under  wide  open  production  there  may 
be  a  large  tax  fund  immediately  available,  the  total  is 
sure  to  be  reduced  in  the  long  run  by  the  reduced  ulti- 
mate production.  Furthermore,  the  economic  decadence 
of  communities  built  on  oil  fields  prematurely  ex- 
hausted by  wasteful  methods  constitutes  a  serious  social 
problem. 

In  order  to  secure  the  benefits  of  a  continuous  stream 
of  reasonably  priced  liquid  fuel  for  as  long  a  period 
as  possible  for  the  national  defense,  for  the  people  as 
a  whole,  for  all  of  the  States,  oil-producing  and  non- 
oil-producing,  and  to  protect  those  States  that  desire 
conservation  against  those  considering  only  the  im- 
mediate gain,  the  Federal  Government  should  be  in 
position,  in  cooperation  with  the  States  and  the  in- 
dustry, to  establish  standards  for  production  designed 
to  prevent  waste,  to  encourage  conservation,  and  to  pro- 
tect interstate  and  foreign  commerce  from  the  burden 
of  oil  produced  in  violation  of  such  standards.  It  may 
or  may  not  be  possible  legally  to  require  oil  moving 
solely  in  intrastate  commerce  to  be  produced  in  ac- 
cordance Mith  Federal  standards,  but  it  must  be  recog- 
nized that,  regardless  of  whether  the  oil  moves  outside 
of  the  State  in  whicli  it  is  produced  or  is  consumed 
within  the  State,  any  oil  ultimately  affects  all  other  oil. 

As  more  than  half  of  the  natural  gas  produced  is 
incident  to  the  production  of  oil  and  as  the  production 
of  such  gas  is  directly  related  to  oil  conservation  meth- 
ods, most  of  the  problems  of  gas  production  would  Ue 
solved  by  the  establishment  of  standards  for  oil  pro- 
duction. 

Tiie  change  from  the  present  system  does  not  need  to 
be  drastic,  although  more  uniformity  and  better  coor- 
dination are  imperative.  To  achieve  these  ends  an 
appropriate  Federal  agency  would  be  required  to  ad- 
minister the  Federal  interest  in  oil  and  gas  conser- 
vation. 

Considerable  advance  in  conservation  laws,  regula- 
tions, and  enforcement  has  been  made  in  several  States 
during  recent  j'eare,  and  Federal  legislation  in  the  form 
of  the  Connally  Act  has  supplemented  such  State  activ- 
ity. Work  already  accomplished  has  the  advantage  of 
liaving  been  tested  legally,  and  a  substantial  recogni- 
tioi\  of  the  validity  of  these  conservation  efforts  has 
been  accorded.     The  gains  so  far  accomplished  by  some 


of  the  States  and  the  Federal  Government  should  not 
be  lost,  and  future  legislation  should  be  built  upon  this 
foimdation  of  State  and  Federal  cooperation.  The 
Connally  Act  has  demonstrated  the  possibilities  of  such 
cooperation.  The  recognition  of  the  mutual  interests 
of  the  States  and  the  Federal  Government: — each  in  its 
special  field  of  activity — must  serve  as  the  basis  for  the 
enactment  of  more  comprehensive  legislation  on  oil 
and  gas. 

It  is  recognized  that  the  development  of  minimum 
standards  for  the  production  and-ti-ansportation  of  oil 
and  gas  designed  to  further  the  national  interest  in 
conservation  of  thc^e  resources  is  a  complex  problem, 
and  that  such  standards  should  be  developed  in  coop- 
eration with  the  State  regulatory  agencies  and  the  rep- 
resentatives of  the  industry.  This  process  will  inevi- 
tably be  time-consuming.  In  the  meantime,  the  Con- 
nally Act  expires  during  the  current  year.  In  order, 
therefore,  that  the  change  may  be  brought  about  grad- 
ually and  with  the  minimum  of  readjustments,  it  is 
recommended  that  this  measure  be  extended  for  such 
time  as  may  be  necessary  for  the  framing  and  enact- 
ment of  an  adequate  Federal  oil  and  gas  measure. 
Therefore,  it  is  further  recommended  that  such  a  Fed- 
eral measure  be  enacted  defining  in  general  terms  min- 
imum standards  for  the  production  and  transportation 
of  oil  and  gas ;  creating  an  appropriate  Federal  admin- 
istrative agency;  and  providing  for  the  conduct  of 
hearings  by  that  agency  in  order  that  the  experience  of 
the  Federal  Government,  the  State  regulatory  commis- 
sions, and  the  industry  may  be  pooled  in  the  establish- 
ment of  detailed  standards  and  regulations  designed  to 
protect  the  national  interest  in  the  scientific  production 
and  conservation  of  these  irreplaceable  resources.  It 
is  recommended  also  that  such  legislation  provide  a 
reasonable  period — say,  6  months — ^between  the  promul- 
gation  of  these  regulations  and  their  enforcement  to 
give  the  State  regulatory  agencies  opportunity  to  bring 
their  own  regulations  in  conformity  with  the  minimum 
national  standai-ds,  thereby  minimizing  the  necessity 
of  Federal  supervision. 

Regulation  under  Federal  auspices  should  be  coor- 
dinated with  a  rational  policy  concerning  exports  and 
imports  of  petroleum  undertaken  with  the  aim  of  con- 
serving the  Nation's  resources.  The  Department  of 
State  has  in  the  past  been  critical  of  proposals  to  place 
restrictions  on  tlie  importation  of  raw  materials  which 
are  produced  in  insufficient  quantities  in  this  country, 
or  the  supply  of  which  is  exhaustible;  and  the  Depart- 
ment ha^  made  it  clear  that  the  burden  of  proof  rests 
with  those  who  propose  such  restrictions  to  supply  evi- 
dence that  there  is  a  necessity  for  such  action.  In  re- 
sponse to  requests  from  congressional  committees  for 
comments  upon  bills  dealing  with  this  subject,  the  De- 
partment has  taken  the  position  that  wise  national 
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policy  would  tend  to  avoid  rather  than  to  seek  the 
imposition  of  any  obstacles  to  the  importation  of  petro- 
leum, since  such  action  would  have  the  effect  of  hasten- 
ing exhaustion  of  a  limited  and  irreplaceable  natural 
resource.  The  petroleiun  products  normally  imported 
into  this  country  are,  genei-ally  speaking,  complemen- 
tary to  American  petroleum  products,  yielding  a  high 
proportion  of  heavy  fuel  oil  and  asphalt,  both  of  which 
are  in  demand  in  this  country  and  unobtainable,  at 
least  in  like  quantity  and  quality,  except  from  Cali- 
fornia fields.  It  is  ajDparent  from  reference  to  the  sta- 
tistics of  trade  in  petroleum  that  imports  of  even  these 
relatively  noncompetitive  products  have  not  been  large 
in  comparison  with  domestic  production  and  have  been 
exceeded,  in  both  volume  and  value,  in  every  year  since 
1922  by  exports  of  crude  and  refined  oil.  It  is  recog- 
nized by  the  Department  of  State  and  by  the  other  in- 
terested Departments  that  numerous  factors  deserve 
careful  considei'ation  in  determining  policy  as  regards 
the  importation  of  petroleum  and  petroleum  products, 
such  as  the  effects,  direct  and  indirect,  of  such  impor- 
tations upon  production,  employment,  and  prices  in 
the  domestic  oil  and  coal  industries,  upon  industrial 
activity  and  employment  generally,  and  upon  the 
mo^-ement  of  exports  and  imports. 

Although  these  proposals  properly  contemplate  a 
broadening  Federal  interest,  much  can  be  accomplished 
by  State  efforts.  For  example,  the  change  from  the 
mischievous  law  of  cajDture  to  the  rule  of  ownership  in 
place  clearly  calls  for  State  legislation.  The  law  of 
cajjture  was  established  by  Pennsylvania  courts  which 
erroneously  based  their  reasoning  on  the  logic  in  the 
English  rules  of  percolating  waters  and  wild  game, 
and  by  other  erroneous  analogies  the  courts  have  estab- 
lished the  ruling  that  oil  and  gas  belong  to  the  owner 
of  the  well  from  which  it  is  produced,  regardless  of 
whether  or  not  it  had  migrated  from  a  neighbor's  land. 
Correlative  rights  in  an  underground  reservoir  are  not 
recognized,  and  each  owner  is  permitted  to  drill  and 
withdraw  oil  exactly  as  he  pleases,  with  no  regard 
whatever  for  the  most  efficient  development  of  the  en- 
tire pool.  If  a  landowner  should  produce  oil  by  drain- 
ing from  neighboring  land,  the  only  recourse  the 
neighbor  has  is  to  drill  an  offset  well.  Consequently, 
when  a  new  pool  is  discovered,  each  operator  races  to 
drain  the  field  before  the  oil  migrates  and  is  produced 
through  a  neighboring  well.  Competitive  production 
results  in  a  waste  of  the  oil,  since  no  operator  can  re- 
tard his  production  without  losing  to  a  neighbor  some 
of  his  oil.  The  law  of  capture  and  the  small  scattered 
holdings  and  the  leasing  system  all  combine  to  force 
operators  to  produce  at  as  rapid  a  rate  as  possible. 
Accordingly,  the  reservoir  energy  in  new  pools  is  ex- 
pended at  an  excessive  rate.  In  many  States  the  courts 
have  already  modified  the  rule  of  capture  so  that   a 


landowner  can  recover  only  a  certain  amount  of  oil 
within  a  given  jJeriod.  The  setting  of  ''ratable  tak- 
ings" and  of  well-spacing  provisions  has  been  estab- 
lished as  part  of  the  regulatory  systems  of  most  oil- 
producing  States  and  upheld  by  the  State  courts.  Al- 
though the  right  of  capture  has  been  modified  some- 
what, it  needs  to  be  completely  displaced  by  a  thor- 
ough-going law  of  ownership  in  place,  which  would 
allot  to  each  producer  that  proportion  of  the  oil  and 
gas  in  the  common  reservoir  which  imderlies  the  land 
he  owns  or  controls. 

The  rule  of  ownership  in  place  is  essential  if  sci- 
entific development  and  operation  of  oil  fields  or  reser- 
voirs is  to  be  generally  adopted,  since  scientific  opera- 
tion contemplates  the  operation  of  any  one  pool  as 
a  unit.  In  such  a  scheme  royalties  are  shared  on  the 
basis  of  acreage,  oil  in  place,  or  some  equitable  ar- 
rangement regardless  of  the  location  of  producing 
wells. 

The  United  States  is  the  owner  of  lands  containing 
about  15  percent  of  the  oil  resources  of  the  country 
and  as  trustee  for  the  Indians  exercises  control  of  im- 
portant additional  areas.  Such  lands  are  developed 
under  lease  to  citizens,  associations  of  citizens,  and  cor- 
porations, and  currently  between  7  and  8  pei'cent  of 
the  oil  produced  in  the  United  States  is  obtained  from 
lands  under  Federal  control.  Leases  provide  that 
opei'ations  shall  be  conducted  with  reasonable  dili- 
gence, skill,  and  care,  without  undue  waste,  in  accord- 
ance with  approved  methods  and  practices,  and  with 
due  regard  to  the  health  and  safety  of  workmen.  Pro- 
vision is  also  made  for  sale  of  production  at  reasonable 
prices,  for  prevention  of  monopoly,  and  for  safeguard- 
ing the  public  welfare.  All  leases  are  made  subject  to 
operating  regulations  that  specify  many  features  of 
approved  production  practices  and  are  under  the  super- 
vision of  petroleum  engineers  of  the  Geological  Survey 
who  make  periodical  inspection  and  take  such  action 
as  is  necessary  to  enforce  the  operating  provisions  of 
the  leases  and  regulations.  Many  oil  and  gas  leases 
ha-\'e  been  made  subject  to  cooperative  or  unit  plans 
of  development  and  operation  of  individual  fields  for 
the  purpose  of  more  properly  conserving  oil  and  gas 
resources  through  orderly  exploration,  development, 
and  production  by  methods  designed  to  increase  ulti- 
mate production  and  avoid  waste.  At  the  present  time 
approximately  one-third  of  the  nroduction  of  oil  and 
gas  from  lands  owned  by  the  United  States  is  secured 
under  plans  of  this  character. 

The  major  characteristics  of  unit  operation  are  pre- 
liminary exploration  in  the  case  of  new  fields,  pooling 
of  operating  and  lease  interests,  acceptance  of  standard 
development  and  production  methods,  and  the  scien- 
tific control  of  withdrawals.  Although  unit  operation 
may  be  established  in  old  pools  and  even  in  new  pools 
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without  preliminary  study  of  reservoir  conditions,  care- 
ful definition  of  the  pool  limits  and  of  the  nature  of 
the  reservoir  are  desirable  preliminaries  to  unit  opera- 
tion. Major  commercial  exploitation  should  be  delayed 
until  these  ends  are  achieved,  and  of  course,  until  a 
satisfactory  agreement  has  been  reached  defining  each 
owner's  proportionate  share  of  the  reservoir  content. 
The  economic  and  conservational  advantages  of  scien- 
tific unit  management  of  oil  and  gas  pools  are  so  over- 
whelming and  so  generally  approved  by  technicians 
that  some  legal  device  of  providing  for  their  adoption 
and  enforcement  will  surely  be  forthcoming  before  the 
threat  of  exhaustion  becomes  imminent.  Here,  cer- 
tainly, is  a  ripe  field  for  State  action  as  well  as  for 
Federal  action.  Moreover,  the  adoption  of  minimum 
Federal  standards  need  not  stand  in  the  way  of  experi- 
mentation by  the  States  in  their  adoption  of  special 
State  standards.  The  problem  of  prolonging  the  life 
of  their  reserves  and  thus  of  maintaining  as  long  as 
possible  a  healthy  petroleum  industry  should  be  suffi- 
cient to  challenge  the  best  efforts  of  the  strongest  State 
regulatory  commissions. 

IX.  Undeveloped  Water-Power 
Resources  and  Public  Policy  * 

Use  of  water  power  in  the  United  States  is  about 
as  old  as  the  industrial  history  of  our  country.  Prior 
to  the  development  of  electrical  transmission,  however, 
power  derived  from  falling  water  could  be  used  only 
at  the  fall.  The  advent  of  the  steam  engine  afforded 
vastly  wider  latitude  for  choice  of  industrial  location, 
for  the  steam  engine  could  be  used  wherever  fuel  and 
boiler  water  could  be  had  cheaply.  Wood  was  avail- 
able almost  anywhere  in  the  inhabited  sections,  and 
boiler  water  was  available  from  either  streams  or  wells 
almost  anywhere  back  of  the  saline  reach  of  tidewater. 
As  lumbering,  clearing  for  farms,  forest  fires,  and  use 
of  wood  for  fuel  caused  here  and  there  the  beginnings 
of  scarcity  of  wood,  the  canals  and  railroads  made 
more  distant  wood,  and  (later)  coal,  available.  More- 
over, systems  of  public  water  supply  made  water  more 
easily  available.  True,  the  building  of  roads,  canals, 
and  railroads  gave  easier  accessibility  to  water-power 
sites;  and  the  introduction  of  the  hydraulic  turbine 
greatly  facilitated  the  appropriation  of  water  power. 
Meanwhile,  goods  manufactured  at  water-power  sites 
could  be  transported  to  the  markets  also  drawing  from 
steam  plants.  But  in  most  of  the  country  the  advan- 
tage was  with  steam  power. 

With  the  advent  of  electrical  transmission,  availa- 
bility of  the  energy  of  falling  water  became  technolog- 
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ically  possible  anywhere  within  reach  of  transmission 
from  the  power  site;  and  from  purely  local  availability 
that  reach  has  spread  so  much  that  energy  from  a 
waterfall  came  to  be  available  in  the  course  of  time 
100,  200,  and  on  toward  300  miles  from  the  fall.  The 
same  distances,  of  course,  hold  for  a  steam-electric 
plant.  But,  whereas,  formerly,  the  choice  was  between 
water  power  at  the  fall  only  and  steam  power  almost 
anywhere,  water  power  and  steam  have  become  alter- 
native possibilities  within  transmission  distance  from 
the  fall,  i.  e.,  say,  somewhat  over  250  miles  (a  tested 
distance)  for  a  large  power  site. 

Within  reach  of  such  radius,  a  large  hydroelectric 
plant  might  conceivably  supply  electricity  anywhere 
within  a  circular  area  of  200,000  square  miles  centered 
at  the  fall,  i.  e.,  an  area  twice  as  large  as  the  combined 
land  area  of  the  States  of  New  York,  Pennsylvania, 
and  New  Jersej%  or  considerably  more  than  three  times 
the  area  of  all  New  England  States  combined. 

As  water  power  was  developed,  both  irregularity  of 
stream  flow  and  the  peculiar  adaptability  of  hydro 
plants  to  changing  load  made  advisable  the  use  of 
hydro  plants  and  steam  plants  in  the  same  systems, 
where  feasible.  And  during  the  1920's,  when  huge 
expansion  of  the  electric  utility  industry  took  place, 
hydro  capacity  and  capacity  of  fuel  plants  of  central 
electric  stations  in  the  United  States  advanced  in  about 
the  same  proportions. 

Thus,  within  range  of  transmission  from  power  sites, 
water  power  is  directly  competitive  with  fuels  as  a 
source  of  energy.  Moreover,  even  though  energy  from 
water  may  not  practicably  be  used  at  present  more 
than  200  or  250  miles  from  the  power  site,  industry  can 
gravitate  into  the  orbit  of  a  water-power  site.  There- 
fore, indirectly,  water  ix)wer  is  competitive  quite  be- 
yond the  economic  limits  of  transmission.  Thus, 
water-power  policy  is  part  of  an  energy-resource  policy, 
whether  we  will  or  no. 

As  a  source  of  energy,  water  power  affects  and  is 
affected  by  the  available  fuels,  but  differs  from  them 
in  that  it  is  not  reduced  by  use.  Water  power  is  wasted 
if  not  used.  As  a  use  of  water,  power  affects  and  is 
affected  by  the  other  functions  and  controls  of  water 
to  which  a  stream  may  be  adapted.  Almost  any  con- 
siderable project  for  the  control  or  use  of  an  im- 
portant stream  will  serve — or  can  serve — more  than  one 
useful  purpose.  There  need  be  no  conflict  between  the 
several  purposes,  including  power,  if  the  full  possi- 
bilities of  the  stream  are  realized  in  the  public  interest. 
The  objective  is  to  develop  each  of  the  resources  of  a 
major  stream  in  harmony  with  the  others,  to  the  end 
that  the  sum  of  the  potential  benefits  to  the  public  shall 
be  a  maximum. 

The  total  potential  average  output  of  electric  energy- 
derivable  from  water  power  in  the  United  States  is  at 
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its  theoretical  maximum  about  500  billion  kilowatt- 
hours  per  year,  according  to  a  calculation  based  on  esti- 
mates prepared  by  tlie  Geological  Survey.  This  the- 
oretical maximum,  is,  of  course,  not  attainable,  since 
it  would  never  be  possible  on  many  streams  to  pass  all 
the  floodwaters  through  turbines. 

The  total  capacity  of  water  wheels  installed  in 
water-power  plants  generating  electric  energy  for  pub- 
lic use  in  the  United  States  on  January  1,  1938,  was 
10,474,344  kilowatts.  The  output  of  these  plants  in 
1937  was  43,702,000,000  kilowatt-hours.  Water-power 
sites  whose  development  probably  will  become  econom- 
ically feasible  when  a  market  for  their  output  exists 
have  been  listed  by  the  Federal  Power  Commission  and 
summarized  in  a  published  report.  According  to  a 
recent  revision  of  these  data  the  total  average  poten- 
tial output  of  these  sites  is  estimated  at  273  billion 
kilowatt-hours  per  year.  The  total  installed  capacity 
would  be  52,322,000  kilowatts,  according  to  the  engi- 
neering studies  on  which  the  estimate  was  based.  Total 
generation  of  electric  energy  (in  both  fuel  and  hydro 
plants)  for  public  use  in  1937  was  121,050,000,000  Idlo- 
watt-hours;  and  the  installed  capacity  in  these  plants 
amounted  to  37,032,000  kilowatts. 

It  is  seen  that  the  feasible  undeveloped  water-power 
sites  of  the  United  States  are  estimated  to  be  capable 
of  producing  six  times  as  much  energy  as  those  now 
developed,  but  only  a  little  more  than  twice  the  electric 
energy  produced  in  1937  for  public  use  by  fuel  and 
water  power  combined.  It  is  also  noted  that  only  a 
little  more  than  one-half  of  the  total  theoretical  un- 
developed outjiut  has  been  estimated  as  probably  eco- 
nomically feasible  when  markets  for  the  potential  out- 
put exist. 

The  factors  that  may  make  an  individual  water- 
power  site  economically  feasible  at  some  future  time 
are  not  capable  of  accurate  evaluation,  even  for  the 
relatively  near  future  of,  say,  25  years.  Specific  con- 
clusions as  to  indi^^dual  sites  may  change  as  better 
information  is  obtained  with  the  passage  of  time.  The 
economic  feasibility  of  a  given  hydroelectric  project 
has  usually  been  gaged  by  comparison  with  the  cost  of 
jjower  from  an  alternative  fuel-electric  source ;  but  this 
depends  largely  on  the  relation  between  the  cost  of 
money  on  the  one  hand  and  the  compensation  of  labor 
on  the  other.  Hydroelectric  generating  costs  are  gov- 
erned largely  by  the  rate  of  interest,  while  fuel-electric 
generating  costs  are  governed  largely  by  the  compen- 
sation of  labor  necessary  to  operate  the  plant  and 
produce  the  fuel. 

Economic  feasibility  depends  on  cost  and  revenue. 
The  construction  cost,  too  often,  is  practically  unknown 
because  the  site  has  not  been  adequately  explored  and 
detailed  designs  and  estimates  have  not  been  made. 
The  potential  revenue  depends  on  the  characteristics 


of  the  power  output  and  on  the  existence  of  a  market 
for  the  power — a  market  whose  location,  size,  and  char- 
acteristics must  be  assumed — and  on  the  assumed  com- 
petitive cost  of  jjower  delivered  to  this  assumed  mar- 
ket from  an  assumed  alternative  source,  usually  a 
steam-electric  plant  operating  with  fuel  at  an  assumed 
price.  In  addition,  it  appears  quite  possible  that  power 
developments  would  become  desirable  at  water-control 
projects — such  as  flood-control  and  irrigation  dams — 
not  included  in  the  sites  on  which  the  figures  here  given 
were  based.  Development  of  power  as  an  incident  to 
other  purposes  might  bring  many  additional  sites  into 
economic  feasibility.  Any  such  broad  compilation 
should  therefore  not  be  considered  precise  or  final; 
changes  in  the  interest  rate,  the  cost  of  labor,  the  cost 
of  fuel,  the  location  of  the  power  market,  or  the  char- 
acteristics of  the  power  load  might  greatly  affect  the 
classification  of  many  known  water-power  sites. 

Technological  changes  now  in  prospect  that  maj-  af- 
fect the  feasibility  of  water  power  include  those  re- 
lating to  long-distance  transmission  of  electric  energy. 
Repeatedly,  the  engineering  limit  of  transmission  has 
been  extended.  Twenty  years  ago  it  was  generally  felt 
that  the  practical  engineering  limit  had  probably  been 
reached  and  that  that  limit  was  about  200  miles.  Ten 
years  ago  a  bold  designer  would  have  placed  the  dis- 
tance at  perhaps  300  miles.  Today  it  is  known  that  we 
can  design,  build,  and  operate  lines  longer  than  are 
justified  by  immediate  economic  conditions.  Wlien 
power  can  be  transmitted  economically  several  hundred 
or  a  thousand  miles,  important  water-power  sources 
will  become  available  that  are  now  too  distant  from 
existing  markets. 

Transmission  in  the  near  future  of  larger  amounts 
of  power  to  much  greater  distances  and  at  higher 
voltages  than  at  present  is  already  definitely  fore- 
shadowed by  the  bold  engineering  advances  that  made 
possible  the  266-mile  heavy-duty  line  now  operating 
successfully  at  287,000  volts  between  Los  Angeles  and 
Boulder  Dam.  This  line  was  pioneered,  designed,  built, 
and  is  being  operated  by  engineers  of  the  city  of  Los 
Angeles  with  the  cooperation  of  the  Bureau  of  Recla- 
mation. High-tension  transmission  of  direct-current 
power,  now  in  a  late  experimental  stage,  may  further 
lengthen  the  technical  limit  of  transmission  distance 
and  reduce  the  cost. 

There  are  ricli  possibilities  for  the  development  of 
water  power  as  a  joint  purpose,  in  combination  with 
other  useful  purposes  to  which  a  stream  may  be  adapted 
or  in  combination  with  measures  to  control  the  stream 
for  other  reasons.  It  is  probable  that  many  of  the 
original  studies  from  which  water-power  sites  were 
selected  failed  to  give  full  weight  to  such  possibilities 
of  multiple-purpose  development. 

Historically  it  is  true  that  water-power  developments 
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liave  sometimes  been  permitted  that  impaired  the  use- 
fulness of  certain  streams  for  other  purposes,  and  cer- 
tain streams  may  have  been  ex])l()itf(l  in  sucli  manner 
as  to  foreclose  or  reduce  their  t'lilure  usefulness  for 
l)(i\ver.  More  recently  it  has  been  discovered  that  this 
apparent  conflict  can  largely  be  resolved  on  many 
streams,  and  especially  on  great  river  systems,  if  these 
resources  are  properly  utilized  and  wisely  controlled. 
It  is  the  duty  and  tlic  task  of  the  designer  and  of  those 
wlio  guide  the  apiilication  of  public  policy  to  develop 
all  (if  the  potential  benefits  of  great  river  systems  in 
such  manner  that  their  sum  shall  be  a  maximinn.  Each 
should  Ik-  and  can  be  developed  in  harmony  with  the 
others;  each  shoidd  contribute  its  share  to  obtain  a 
total  benefit  nuich  larger  than  would  be  possible  by 
separate  exploitation,  and  this  at  lower  total  cost. 

Power  requirements  of  the  relatively  near  future  will 
make  necessary  new  sujiplies  of  energy  exceeding  the 
potential  output  of  all  the  available  and  feasible  unde- 
\'eloped  water-power  sites  in  most  of  the  highly  indus- 
trialized regions  of  the  country.  A  relatively  small 
growth  in  the  power  load,  surely  to  be  expected  tmder 
anything  like  normal  conditions,  will  bring  this  to  pass 
in  a  very  few  years.  The  conclusion  is  inesca[)able  that 
the  potential  output  from  any  inuleveloped  watei-- 
power  site  in  these  regions  can  be  absorbed  by  the  power 
re(|uirements  of  the  near  futui'c.  if  it  can  be  delivered 
to  the  load  and  sold  at  competitive  prices. 

The  total  amount  of  potential  and  feasible  unde- 
veloped water  power  within  present  economic  transmis- 
sion distance  of  the  larger  industrial  and  urban  areas 
in  the  eastern  half  of  the  country  would  not,  in  fact, 
supi)ly  even  their  present  needs  for  electric  energy 
without  tlie  aid  of  fuel. 

In  13  years  the  increase  in  power  load  would  require 
ainuially  an  amount  of  energy  larger  than  the  entire 
average  output  of  all  the  feasible  undeveloped  water 
sites  east  of  the  Mountain  and  Pacific  States,  if  the 
rate  of  growth  actually  expei-ienced  in  this  region  from 
1921  to  1029  and  again  from  1932  to  1937  should  con- 
tinue. By  including  the  tremendous  resources  of  the 
Mountain  and  Pacific  States  and  the  relatively  low  in- 
crements of  power  growth  they  have  so  far  experienced, 
the  indicated  period  is  extended  to  40  years.  In  the 
Middle  Atlantic  States — New  York,  New  Jersey,  and 
Pennsylvania — less  than  9  years  of  continued  increase 
would  be  required. 

The  actual  future  power  needs  of  the  several  regions 
will,  of  course,  be  governed  by  many  factors  that  may 
or  may  not  follow  the  same  course  as  in  the  18-year 
period  1920-37  for  which  the  necessary'  statistics  are 
available.  Growth  or  decline  of  population,  of  indus- 
try, and  of  commerce  in  specific  areas;  discovery  of 
raw  materials  or  of  processes  now  unknown;  progress 
in  the  utilization  of  fuels  or  in  the  design  of  water- 
power  structures  and  equipment;  changes  in  the  prices 


of  fuel  or  labor,  so  largely  responsible  for  the  cost  of 
fuel-generated  power;  changes  in  the  price  of  money, 
so  largely  responsible  for  the  cost  of  hydrogenerated 
power — these  and  other  factors  beyond  the  range  of 
ordinary  human  prediction  will  govern  the  actual  need 
for  eneragy  in  a  given  region  in  a  given  future  year, 
and  also  the  proportion  of  this  energy  that  may  then 
Im?  most  economically  supplied  from  hydroelectric 
sources. 

An  active  pnlilic  policy  of  nuiitiple-purixjse  develop- 
ment of  water  resources  is  desirable,  in  view  of  the 
pressing  character  of  lu'oblcms  related  to  flood  control, 
])ublic  water  supply,  stream  pollution,  irrigation,  and 
navigation,  and  in  view  of  positive  reasons  for  public 
development  of  water  power.  An  active  ])olicy  of 
public  development  of  water  power  is  likewise  desir- 
able. Both  development  directly  for  power  purposes, 
where  there  is  no  conflict  with  more  in'gent  water  con- 
trol, and  the  best  feasible  use  of  head  made  available 
by  storage  for  other  purposes  would  contribute  toward 
the  attainment  of  tliree  nniljor  jiational  objectives, 
namely:  {a)  conservation  of  scarce  fuel  materials — 
petroleum,  natural  gas,  and  high-grade  coals;  {h) 
strengthening  the  national  economy,  through  bringing 
about  cheaper  electricity  more  widely  available;  (r) 
strengthening  the  national  defense  through  better  as- 
surance of  ample  electrical  energy  in  time  of  war. 

Multiple-purpose  plans  for  stream  development 
aimed  at  the  several  important  purposes,  including 
direct  or  incidental  power  production,  sliould  be  de- 
signed and  executed  in  terms  of  drainage  basins  or 
major  subbasins.  Efficacy  of  controls  requires  dealing 
with  the  main  stem  of  a  stream  and  with  all  important 
tributaries.  The  Federal  Government  should  have  \)v\- 
mary  authority  and  responsibility  for  the  design  and 
execution  of  these  nudtiple-purpose  drainage  basin 
plans  for  development  and  conservation  of  water  re- 
sources. Private  business  firms  cannot  be  expected  to 
undertake  the  several  important  nonpower  functions 
which  cannot  yield  salable  products.  Moreover,  private 
business  firms  cannot  be  expected  even  to  bring  about 
the  most  economic  develoitment  of  water  power,  be- 
cause the  necessary  storage  does  not  seem  to  be  gener- 
ally justifiable  for  power  alone.  State  and  municipal 
projects  that  harmonize  with  Federal  design  are  quite 
possible  and  to  be  expected;  but,  because  of  the  inter- 
state character  of  most  of  our  important  streams  and 
the  international  character  of  some.  State  jurisdiction 
is  too  limited  for  the  drainage  basin  plan. 

Federal  policy  should  eventually  embrace  a  degree  of 
control  over  the  operations  of  private  water-power 
plants  in  the  streams  covered  by  any  basin  plan,  suf- 
ficient to  insure  that  they  will  harmonize  with  those 
of  the  general  plan.  Uncontrolled  operation  by  i)rivate 
interests  would  interfere  seriously  both  with  thorough- 
coins  design  and  with  the  best  coordination  of  water 
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controls.  Federal  policy  on  development  of  water 
power  should  embrace  the  building  or  the  acquirement 
of  steam  plants  in  connection  with  any  hydro  develop- 
ment needing  steam-driven  capacity  for  the  best  bal- 
ance of  system  capacity.  The  location  of  such  a  plant 
need  not  be  in  the  immediate  basin  area,  for  the  same 
plant  properly  placed  might  serve  as  the  steam  supxDle- 
ment  of  two  or  more  basin  hydro  systems. 

Design  of  the  jiower  system  in  any  of  the  basin  de- 
velopments should  include,  in  accord  with  the  best 
technology  of  power  transmission,  the  best  practicable 
interconnection  (a)  of  the  several  plants  within  a  basin 
system,  (b)  of  neighboring  basin  systems  (within  the 
reach  of  economic  transmission),  and  (c)  the  steam 
capacity  built  or  acquired  to  balance  capacity. 

X.  The  National  Defense  ^ 

Although  it  may  be  agreed  that  the  development  of 
a  strong  and  healthy  national  economy  constitutes  the 
best  preparation  for  national  defense,  there  are  certain 
special  problems  affecting  the  energy  resources  which 
require  positive  action  from  the  standpoint  of  an  ade- 
quate national  defense.  Fortunately,  our  energy  re- 
sources are  sufficiently  abundant  to  free  us  now  from 
dependence  on  foreign  sources;  but  the  rapid  depletion 
of  our  petroleum  in  natural  reservoirs  will  eventually 
bring  dependence  on  foreign  sources  or  on  the  more 
costly  process  of  producing  oil  from  coal  or  shale.  A 
conservation  program  should  ami  at  the  postponement 
of  that  day  as  long  as  possible.  The  present  special 
problems  concern  the  underground  reserves  of  helium 
and  petroleum,  the  provision  of  sufficient  electric  gen- 
crating  capacity  and  of  facilities  for  interconnection, 
and  the  planning  for  wartime  control  of  the  distribu- 
tion of  fuel. 

The  export  of  helium  gas,  which  is  noninflammable 
and  therefore  vital  for  military  and  naval  lighter-than- 
air  craft,  is  now  strictly  controlled  through  a  system 
of  export  licensing,  under  supervision  of  the  Secretary 
of  the  Interior.  Exports  to  foreign  powers  for  mili- 
tary or  naval  purposes  are  specifically  forbidden.  Re- 
cent events  in  a  war-disturbed  and  war-threatened 
world  amply  demonstrate  the  wisdom  of  that  legisla- 
tion. It  is  recommended,  therefore,  that  this  policy 
be  continued. 

The  dependence  on  petroleum  and  its  products  of  the 
naval  establishment,  of  the  increasingly  mechanized 
army  establishment,  and  of  the  air  forces  of  the  two 
services  is  so  great  that  the  national  defense  interest 
alone  is  sufficient  to  justify  the  Federal  policy  recom- 
mendations concerning  conservation  of  this  resource 
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which  have  been  outlined  in  a  preceding  section  of  this 
summary.  It  has  been  pointed  out,  however,  that  nor- 
mal peacetime  interests  likewise  make  a  compelling  de- 
mand for  a  program  of  conservation.  The  Navy's  in- 
terests and  the  Army's  interests  reinforce  that  general 
demand. 

Although  the  natural  reserves  of  petroleum  in  the 
United  States  are  estimated  to  exceed  the  proven  re- 
serves of  any  other  country,  the  peacetime  industrial 
demands  upon  these  natural  reserves  are  such  that 
eventually  rigid  conservation  measures  will  have  to  be 
adopted.  In  a  national  emergency,  the  estimated  re- 
quirements of  petroleum  products  for  industry,  for  the 
Army,  and  for  the  Navy  exceed  by  nearly  twenty-five 
percent  the  present  peacetime  production  of  crude 
petroleum. 

The  present  special  problem  is  concerned  with  naval 
petroleum  reserves.  Executive  Orders  dated  Septem- 
ber 2,  1912,  December  13,  1912,  and  April  30,  1915,  set 
aside  for  the  exclusive  use  or  benefit  of  the  United 
States  Navy  three  principal  petroleum  reserves.  Naval 
Petroleum  Reserves  No.  1  and  No.  2,  located  in  Kern 
County,  California,  consist  both  of  Government-owned 
and  privately  owned  land,  whereas  Reserve  No.  3,  lo- 
cated in  Natrona  County,  Wyoming,  is  entirely  Gov- 
ernment owned. 

The  safest  reservoir  for  petroleum  is  the  natural 
reservoir  or  geological  structure  in  which  it  occurs. 
Thus  the  maintenance  of  a  naval  reserve  requires  that 
the  oil  be  left  in  its  natural  pools.  But  the  existence 
of  multiple  ownership  requires  that  the  Goverimient 
engage  in  offset  drilling  to  secure  its  share  of  oil 
underlying  its  own  lands.  It  can  be  seen,  then,  that 
private  ownership  of  lands  within  a  naval  reserve 
makes  of  that  reservoir  a  diminishing  reserve  and  not 
a  fixed  reserve.  Outright  ownership  of  an  entire  pool 
by  the  Federal  Government  is  the  only  condition  con- 
sistent with  the  aim  of  maintaining  a  naval  reserve. 

The  difficulties  here  outlined  are  esijecially  acute  as 
regards  Naval  Reserve  No.  1,  almost  90  percent  of  the 
area  of  which  is  Goverimient-owned.  These  difficulties 
led  to  the  passage  by  the  Congress  and  approval  by 
the  President  of  the  Act  of  June  30,  1938,  which  pro- 
poses three  ways  of  correcting  or  improving  the  con- 
dition obtaining  on  Naval  Reserve  No.  1 : 

(1)  To  contract  with  the  private  owner  to  permit 
the  conservation  in  the  ground  of  oil  and  gas  on  the 
Government's  lands  and  eliminate  the  necessity  of  leas- 
ing or  drilling  the  Government's  land  to  prevent  drain- 
age losses  as  has  been  done  in  Reserve  No.  2  and  along 
the  eastern  boundary  of  Reserve  No.  1; 

(2)  By  exchanging  Goverimient  lands  for  private 
lands  so  as  to  eluninate  the  checkerboarded  area  by 
consolidating  private  land  and  Government  lands  so 
that  they  will  comprise  adjoining  solid  blocks  owned 
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respectively  by  the  Government  and  by  the  private 
owner;  and 

(3)  For  the  Government  to  acquire  the  private  lands 
by  purchase  or  condemnation. 

If  the  Government  is  to  purchase  or  exchange  lands 
in  order  to  secure  complete  ownership  of  pools,  it  is 
obvious  that  sound  policy  requires  the  fullest  infor- 
mation on  such  pools  that  competent  geologists  can 
provide.  The  only  estimate  now  available  was  made 
twelve  years  ago  by  the  United  States  Geological  Sur- 
vey. Progress  in  geological  science  and  in  drilling 
techniques  since  that  time  has  been  so  great  and  the 
maintenance  of  an  adequate  naval  reserve  is  so  im- 
portant to  the  Nation  that  a  re-survey  is  called  for. 
Consequently,  it  is  recommended  that  funds  be  pro- 
vided for  a  thorough  survey  of  this  reserve  and  for 
such  drilling  tests  as  may  be  necessary. 

Another  problem  affecting  petroleum  reserves  which 
merits  attention  here  is  that  of  national  policy  toward 
ownership  of  petroleum  and  natural  gas  lying  beneath 
the  submerged  areas  off  the  coast  of  the  United  States 
between  low-water  mark  and  the  three-mile  limit. 
Unsettled  questions  of  law  are  involved,  but  the  very 
existence  of  doubt  offers  an  opportunity  for  the  bold  as- 
sertion of  the  national  interest  in  any  petroleum  or 
natural  gas  I'eserves  that  may  be  found  beneath  these 
areas.  It  is  one  of  the  unfortunate  errors  of  our  na- 
tional development  that  early  in  our  history  the  public 
ownership  of  all  subsurface  mineral  wealth  was  not 
declared ;  such  a  step  would  have  been  so  simple  at  an 
early  stage  and  would  have  meant  so  much  in  terms  of 
conservation,  and  it  would  be  so  complex  and  costly 
at  this  stage — not  to  speak  of  the  wastes  of  irreplace- 
able resources  that  have  already  taken  place.  But  here 
and  now  in  1939  we  have  one  last  opportunity  to  take 
steps  which  will  reserve  to  the  Nation  petroleum  de- 
posits that  may  be  of  considerable  oxlont.  In  the  3d 
session  of  the  75th  Congress  a  Joint  Resolution,  assert- 
ing the  Government's  rights  to  these  deposits  and  set- 
ting them  aside  as  a  naval  petroleum  reserve,  was 
introduced,  passed  by  the  Senate,  reported  with  amend- 
ments by  the  House  Committee  on  the  Judiciary,  and 
conunitted  to  the  Committee  of  the  Whole  House.  No 
final  action  was  taken,  owing  doubtless  to  the  pressure 
of  other  matters  and  to  the  early  adjournment  of  the 
Congress.  It  is  recommended  that  the  substance  of  this 
resolution  again  be  pi-esented  to  the  Congress.  At  this 
stage  in  our  history  it  is  sheer  folly  to  overlook  any 
opportunity  for  safeguarding  the  national  interest  in 
petroleum  reserves. 

Another  special  problem  affecting  the  national  de- 
fense is  that  of  assuring  an  adequate  supply  of  electric 
energy  in  time  of  war.  During  our  participation  in  the 
World  War  acute  power  shortages  developed  in  some 
centers,  and  it  has  been  officially  stated  that  had  hos- 


tilities continued  somewhat  longer  we  would  have  faced 
an  extreme  shortage.  Peacetime  uses  of  power  have 
grown  phenomenally  in  the  intervening  two  decades, 
and  the  nature  of  warfare  has  undergone  changes 
which  mean  multiplied  use  of  power  in  time  of  war. 
The  significance  to  national  defense  of  adequate  sup- 
plies of  electric  power  will  be  appai'ent  when  it  is  re- 
called that  our  traditional  military  policy  visualizes 
only  a  small  standing  army.  Chief  dependence  is 
placed  upon  the  mobilization  of  additional  men  and  of 
industry  after  war  is  declared.  Both  peacetime  and 
World  War  experience  indicate  that,  unless  industry  is 
prepared  beforehand  with  power  and  other  necessaries 
immediately  available,  the  mobilization  of  an  effective 
army  in  war  may  be  seriously  delayed  at  a  period  when 
time  is  of  the  utmost  importance.  This  problem  was 
recently  given  cognizance  through  the  establishment, 
by  Executive  Order,  of  the  National  Defense  Power 
Committee,  interdepartmental  in  its  membership  and 
under  the  chairmanship  of  the  Assistant  Secretary  of 
War.  Although  the  work  of  that  Committee  has  not 
yet  been  completed,  public  announcements  have  made  it 
clear  that  the  Committee  is  concerned  (1)  with  the  crea- 
tion of  an  adequate  reserve  of  generating  capacity  in 
the  chief  war-material  centers  and  (2)  with  the  con- 
struction of  a  system  of  interconnections  linking  power 
sources  and  load  centers  in  order  to  make  the  country 
less  vulnerable  to  attack  in  time  of  war,  less  vulnerable 
to  the  emergencies  of  peace,  and  better  prepared  for 
the  continuing  problems  of  peacetime  development  of 
the  country.  Transmission  of  electric  power  is  in  many 
social  and  economic  essentials  closely  akin  to  transpor- 
tation of  commodities.  Particularly  as  the  economic 
limits  of  transmission  are  extended,  the  national  inter- 
est will  be  served  by  coordinated  systems  of  intercon- 
nections which  would  make  available  in  wider  markets 
energy  derived  from  the  most  economical  sources,  re- 
gardless of  whether  they  are  large-scale  hydro  plants 
or  efficient  steam  plants.  Thus  it  can  be  seen  that  this 
problem  is  receiving  the  attention  of  the  Government. 
It  suffices  to  say  here,  therefore,  that  the  aim  is  a 
laudable  one. 

The  final  special  problem  of  energy  resources  affect- 
ing the  national  defense  is  to  make  adequate  provision 
for  the  control  of  the  distribution  of  fuel  itself  in  the 
event  of  an  emergency.  During  the  Great  War,  control 
of  fuel  prices  and  rationing  of  the  available  supplies 
were  found  to  be  necessary  by  each  of  the  principal 
belligerent  nations.  In  the  United  States  the  increased 
demand  for  coal  for  munitions  manufacture  combined 
with  other  causes  to  congest  the  transportation  system, 
clog  the  eastern  terminals  and  ports,  and  for  a  time  to 
delay  the  movement  of  supplies  and  men.  In  the  mean- 
time, operations  of  the  steel  industry  were  at  times 
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curtailed  by  lack  of  coking  coal.  The  problems  of  fuel 
control  were  ultimately  solved  by  the  Fuel  Administra- 
tion with  conspicuous  success,  but  at  the  costs  of  long 
confusion  and  delay. 

The  task  of  administering  the  fuel  supply  in  a  future 
emergency,  insofar  as  coal  is  concerned,  has  been  facili- 
tated by  passage  of  the  1937  coal  act.  The  act  author- 
izes the  fixing  of  maximum  prices  and  provides 
through  the  district  boards  of  producers  and  a  central 
commission  the  necessary  machinery  of  administration. 
Studies  should  be  made  of  the  supplies  and  require- 
ments of  special-purpose  coals  for  the  munitions  indus- 
tries and  of  savings  in  transport  through  the  control 
of  cross-hauling  and  plans  should  be  drawn  to  co- 
ordinate the  control  of  fuel  with  other  phases  of  in- 
dustrial mobilization.  What  has  been  said  here  of  coal 
applies  with  even  greater  force  to  petroleum;  conse- 
quently, it  is  imperative  that  Federal  machinery  be 
set  up  for  efficient  mobilization  of  petroleum  resources 
in  the  national  interest. 

A  sound  national  policy  in  the  world  in  which  we 
live  requires  a  strong  national  defense,  not  merely  the 
provision  of  battleships  and  tanks  and  airplanes,  but 
the  strengthening  of  the  national  economy  wherever 
weaknesses  have  developed,  or  can  be  reasonably  antici- 
pated. The  energy  resources  constitute  vital  parts  of 
the  national  economy,  and  it  is  the  part  of  wisdom  to 
see  to  it  that  the  supply  of  energy  in  all  forms  is  suffi- 
cient for  the  requirements  of  peace  and  sufficient  for 
the  emergencies  of  war. 

XI.  Toward  an  Energy  Resources  Policy  ^° 

It  was  pointed  out  earlier  in  this  report  that  it  is 
now  time  to  take  a  larger  view;  to  recognize — ^more 
fully  than  has  been  po&sible  or  perhaps  needful  in  the 
past — that  each  of  our  great  natural  resources  of  energy 
affects  the  others,  either  directly  through  competition 
for  markets  or  indirectly  through  the  profound  impor- 
tance of  energy  in  the  whole  pattern  of  our  economic 
and  social  life.  Bituminous  coal,  petroleum,  natural 
gas,  anthracite  coal,  and  water  power — in  descending 
order  of  relative  contribution  to  the  Nation's  energy 
supply — these  are  the  energy  foundation  stones  of  our 
industrial  civilization.  A  policy  for  any  one  of  these 
resources  is  bound  to  affect  its  relative  position  with 
respect  to  the  others.  It  is  difficult  in  the  long  run, 
therefore,  to  envisage  a  national  coal  policy  or  a  na- 
tional petroleum  policy  or  a  national  water-power 
policy  without  also  in  time  a  national  policy  directed 
toward  all  these  energy  producers — that  is,  a  national 
energy    resources    policy.     Such    a    broad    and    inte- 
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grated  policy  toward  the  problems  of  coal,  petroleum, 
natural  gas,  and  water  jDower  cannot  be  evolved  over- 
night, for  each  of  those  problems  is  amazingly  com- 
plex and  in  combination  they  represent  not  a  simple 
sum  of  problems  but  a  multiplication  of  problems. 
Despite  the  complexity  of  those  problems,  in  the  na- 
tional interest  we  shall  have  to  move  in  the  direction 
of  solutions.  Those  moves  must  be  made  in  the  light 
of  more  facts  and  especially  in  the  light  of  a  more  com- 
plete understanding  of  the  facts  than  is  now  available. 

We  should  not,  and  indeed  in  the  long  run  we  cannot, 
interfere  with  the  use  of  any  national  resource  for  those 
purposes  to  which  it  is  best  fitted.  Coal,  oil,  natural 
gas,  and  water  power  must  serve  our  needs,  each  in  its 
proper  place  and  each  contributing  its  best  share  to  the 
total  of  national  welfare.  But  the  free  play  of  undi- 
rected competition  cannot  be  relied  upon  to  resolve  un- 
aided the  maladjustments  in  these  industries  that  have 
disturbed  ouv  national  economy.  We  should  begin  to 
use  our  heritage  of  abundance  more  wisely. 

To  attain  these  objectives  it  is  essential  to  recognize, 
first,  the  interlocking  relationships  between  the  several 
kinds  of  energy  resources;  next,  their  individual  and 
combined  effect  on  national  and  regional  development ; 
next,  the  social  as  well  as  the  economic  factors  in  their 
development  and  utilization;  and  finally,  the  constant 
element  of  change. 

The  widening  interest  and  responsibility  on  the  part 
of  the  Federal  Government  for  the  wise  conservation 
and  utilization  of  the  Nation's  energy  resources  raises 
many  perplexing  questions  of  policy  determination. 
This  responsibility  cannot  be  assumed  lightly.  In  es- 
sence, there  must  be  adequate  planning  and  provision 
for  studies  which  will  reflect  the  best  technical  experi- 
ence available  as  well  as  full  consideration  for  both 
regional  and  group  interests.  Such  planning  in  an 
advisory  capacity  could  be  depended  on  to  indicate  the 
results  to  be  expected  from  the  different  policies  that 
might  be  adopted. 

Perhaps  ideally,  a  coordinated  policy  function  for 
the  energy  resources  should  be  lodged  solely  in  one 
Federal  agency.  Practically,  this  is  difficult,  for  the 
legal  powers  to  manage  and  conserve  these  resources 
are  widely  scattered  through  many  Federal  and  State 
agencies.  There  are  now  no  less  than  20  separate  Fed- 
eral bureaus  and  agencies  concerned  with  the  problem, 
and  a  careful  study  to  delineate  their  many  powers, 
duties,  and  responsibilities  would  constitute  an  inde- 
pendent task  in  itself.  Further,  there  are  almost  100 
interested  State  agencies  whose  many  powers  interlock 
with — and  in  some  cases  overlap  or  duplicate — ^the 
powers  of  the  Federal  agencies.  From  this  confusion 
of  divided  responsibility  and  authority  must  somehow 
emerge  an  integrated  national  policy  for  the  energy 
resources. 
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At  this  stage  in  our  national  development  an  ad- 
visory planning  group  for  the  energy  resources  is  sug- 
gested. This  group,  however,  sliould  conijjrise  only 
one  unit  of  an  over-all  plaiuiing  agency  specifically 
established  in  the  Federal  Government  to  serve  the 
President  and  the  Congi-ess  in  an  advisoiy  capacity  on 
planning  and  policy  matters  for  all  of  our  national 
resources. 

Members  of  such  an  energy  resources  planning  grouj) 
should  include  representatives  of  the  industries  and  of 
the  Federal  and  State  agencies  concerned.  These  rep- 
resentatives should  be  selected  on  the  basis  of  their 
technical  comj)etence,  practical  judgment,  and  experi- 
ence; and  their  activities  with  the  coordinating  group 
should  reflect  their  technical  ex|)erience  and  their  de- 
sire to  serve  best  the  national  interest. 

The  organization  of  such  a  policy  advisory  group 
would  not  mean  the  abolishing  of  the  planning  func- 
tions now  carried  on  by  existing  agencies.  To  the  con- 
trary, planning  in  "line"  agencies  would  have  to  be  en- 
couraged and  strengthened ;  for  without  it  the  over-all 
planning  group  would  be  left  without  background, 
experience,  and  technical  assistance.  There  is,  how- 
ever, the  problem  of  linking  together  the  planning 
functions  of  these  separate  agencies  and  of  fitting  them 
into  the  broader,  national  view  of  the  energy  resources 
in  combination. 

Generally  speaking,  two  tj'pes  of  planning  functions 
are  maintained  by  the  existing  goverinnental  agencies 
that  are  concerned  here :  first  the  function  arising  out 
of  the  straightforward  job  of  conservation  administra- 
tion, and  second,  that  which  is  incidental  to  the  quasi 
judicial  type  of  regulation  of  the  energy  resources 
industries.  There  is  nothing  incompatible  in  these 
two  types;  rather  the  apparent  inconsistency  lies  in  the 
different  over-all  forms  of  administrative  organization 
from  which  they  spring.  Yet  to  the  casual  observer 
there  appears  to  be  an  inherent  conflict  which  renders 
almost  impossible  any  attempts  to  bring  together  these 
two  points  of  view. 

Tiie  major  difficulty  stems  from  a  general  misunder- 
standing of  the  underlying  assumption  regarding  the 
role  of  the  regulatory-commission  type  of  agency  in  the 
American  system  of  government.  The  bulk  of  regula- 
tory commission  work  involves  the  application  of  leg- 
islative "standards"  of  conduct  to  concrete  cases;  a 
function  at  once  discretionary  and  judicial  and  de- 
manding, therefore,  both  responsibility  and  independ- 
ence. On  the  other  hand,  there  is  an  administrative 
group  within  each  such  agency  which  usually  carries 
out  certain  of  the  administrative  powers  delegated  to 
that  agency  by  the  legislative  l)0(ly  and  which,  in  addi- 
tion, serves  the  judicial  group  of  the  agency  by  collect- 
ing evidence,  presenting  cases,  and  carrying  out  the 
details  of  enforcement. 


Obviously,  serious  difficulties  are  encountered  when 
such  agencies  provide  for  a  planning  function  or  co- 
operate with  other  agencies  in  a  coordinated  planning 
effort.  When  representatives  of  the  regulatory  agen- 
cies cooperate  with  other  agencies  in  an  advisory  plan- 
ning capacity,  they  are  placed  in  the  unwelcome  posi- 
tion of  proposing  a  policy  which,  by  implication,  car- 
ries the  official  endorsement  of  the  quasi-judicial  body 
which  they  represent.  Such  a  position,  it  is  often 
feared,  will  embarrass  their  agencies  in  their  subse- 
quent cases,  for  it  is  interpreted  as  a  "judicial  bent." 
But  this  is  not  an  unsurmountable  obstacle  to  the  for- 
mation of  an  advisory  planning  group  for  the  energy 
resources.  The  solution  is  for  the  agencies  themselves 
to  make  a  formal  recognition  of  the  division  of  labor 
l)etween  their  judicial  and  administrative  sections  or 
groups.  If,  then,  tlie  planning  function  is  made  clearly 
a  responsibility  of  the  administrative  section  of  the 
regulatory  agency,  the  way  is  opened  for  coordinated 
jilanning  work  of  an  advisory  nature. 

In  theory,  planning  by  the  Federal  Government  for 
the  energy  resources  could  proceed  without  assistance 
or  advice  from  these  agencies,  but  in  practice  it  should 
not.  The  interests  and  groups  which  they  represent 
and  the  experience  which  they  have  accumulated  are 
too  vital  and  have  too  great  a  bearing  on  national 
policy  to  be  ignored.  Accordingly,  the  proposed  ad- 
visory planning  group  should  and  must  include  repre- 
sentatives of  the  regulatory  agencies. 

It  cannot  be  expected  that  such  a  group  can  be 
organized  quickly  or  operate  from  the  beginning  with- 
out incidental  conflicts  and  confusion.  Undoubtedly, 
there  will  be  difficulties,  but  these  should  not  preclude 
the  attempt.  It  should  be  borne  in  mind  in  organizing 
and  caiTying  forward  the  work  of  the  planning  group 
that,  fundamentally,  the  responsibility  of  the  Federal 
Government  in  planning  for  the  energy  resources  rests 
upon  the  basic  assumption  that  the  wise  management 
and  u.se  of  these  resources  is  necessary  in  the  national 
interest.  Power  lies  at  the  foundations  of  our  indus- 
trial civilization,  and  the  American  economy  stands  in 
a  favored  position  by  virtue  of  the  bounties  of  nature. 
Our  problem,  fortunately,  is  not  one  of  stretching  a 
niggardly  supply  but  rather  that  of  wise  use  of  a  rela- 
tively favorable  supply  of  presently  available  and 
potential  energy  resources.  Despite  this  favorable  po- 
sition, however,  the  problems  of  these  industries  are 
acute  ones — problems  concerned  with  physical  resource 
conservation,  with  restoration  and  preservation  of  eco- 
nomic health  in  tlie  energy  resources  industries,  and 
with  the  well-being  of  the  populations  dependent  on 
these  industries.  Both  the  diversity  of  these  problems 
and  their  interlocking  relationships  require  the  w-eigh- 
ing  of  conflicting  interests  and  points  of  view ;  and  the 
fact  of  distribution  of  regulatory  and  research  func- 
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tions  among  many  Federal  and  State  agencies  suggests 
the  formation  of  an  advisory  group  representative  of 
these  various  agencies. 

Accordingly,  it  is  recommended  that  the  National 
Resources  Committee,  in  cooperation  with  the  inter- 
ested agencies  of  the  Federal  Government  and  with 
representation  for  interested  State  agencies  and  for 
the  energy  resources  industries,  establish  an  Energy 
Resources  Committee  to  function  as  an  advisory  plan- 
ning agency  in  the  formulation  of  a  coordinated  na- 
tional policy  toward  the  energy  resources  industries. 

XII.  Summary  of  Conclusions" 

The  energy  resources — coal,  petroleum,  natural  gas, 
and  water  power — lie  at  the  foundation  of  our  indus- 
trial civilization.  Except  for  water  power,  they  are 
exhaustible  resources,  and  water  power  at  best  could 
supply  only  a  fraction  of  our  energy  requirements. 
Of  the  mineral  fuels,  we  have  an  abundance,  in  com- 
parison with  the  rest  of  the  world.  Nevertheless,  our 
resources  of  the  higher  grade  fuels — petroleum,  natural 
gas,  and  the  superior  coals — are  distinctly  limited. 
From  the  evidence  reviewed  in  this  study  it  appears  be- 
yond argument  that  the  Nation's  patrimonj-  in  the 
energy  resources  should  be  safeguarded,  that  a  sound 
national  policy  must  be  concerned  with  the  conserva- 
tion and  prudent  utilization  of  these  basic  resources. 

Briefly,  our  reserves  may  be  stated  as  follows : 

(a)  Coal  of  all  ranks,  3,000  billion  tons  or  the  equiva- 
lent of  2,500  billion  tons  of  bituminous  coal,  in  com- 
parison with  1937  production  of  about  one-half  billion 
tons  and  accumulated  production  through  that  year  of 
23  billion  tons. 

{b)  Petroleum  in  proven  natural  reservoirs,  15  bil- 
lion bai-rels,  in  comparison  with  1937  consumption  of 
11/4  billion  barrels.  These  proven  reserves  are  equal  to 
about  4  billion  net  tons  of  equivalent  bituminous  coal; 

(c)  Proven  natural  gas  reserves,  from  60  to  100  tril- 
lion cubic  feet,  in  compai-ison  with  1937  consumption 
of  about  21/^  trillion  cubic  feet.  The  reserve  is  equiva- 
lent to  3  or  4  billion  net  tons  of  bituminous  coal. 

{d)  Recoverable  oil  from  oil  shale  has  been  estimated 
at  92  billion  barrels,  or  the  equivalent  of  21  billion  net 
tons  of  bituminous  coal.  This  oil,  be  it  noted,  is  re- 
coverable only  at  a  cost  far  above  the  present  cost  of 
natural  reservoir  oil.  In  fact,  it  is  probable  from  pres- 
ent techniques  that  coal  will  provide  liquid  fuels  at 
lower  cost  than  shales ; 

(e)  Feasible  undeveloped  water-power  sites  of  the 
United  States,  when  a  market  for  their  output  exists, 
are  estimated  to  be  capable  of  producing  six  times  as 


"  Except  for  the  concluding  paragraphs,  under  the  heading  "The 
General  Welfare",  this  section  merely  repeats  in  briefer  compass  the 
findings  and  recommendations  presented  In  the  earlier  sections. 


much  energj'  as  those  now  developed,  but  only  a  little 
more  than  twice  the  electric  energy  produced  in  1937 
for  public  use  by  fuel  and  water-power  plants  com- 
bined (64  percent  by  fuel  plants  and  36  percent  by 
hydro  plants).  All  our  water  power,  including  both 
that  already  developed  and  that  feasible  of  develop- 
ment, could  produce  energy  annually  equivalent  to  only 
about  one-fourth  of  the  energy  contained  in  all  min- 
eral fuels  consumed  in  the  country  in  1937  for  all  pur- 
poses. Thus  it  can  be  seen  that  water  power  can  sup- 
ply only  a  fraction  of  our  energy  requirements.  The 
mineral  fuels  must  bear  the  main  burden. 

The  fields  of  remedy  in  a  conservation  program  seem 
to  lie  (1)  in  promoting  greater  efficiency  in  the  pro- 
duction of  mineral  fuels  from  the  standpoint  of  recov- 
ery; (2)  in  promoting  greater  economy  in  the  use  of 
fuels;  and  (3)  in  placing  a  larger  share  of  the  energy- 
burden  on  lower -grade  fuels  and  water  power.  These 
responsibilities  must  rest  primarily  upon  the  Federal 
Government,  for  the  Federal  Government  is  the  only 
a  gene  J'  which  represents  all  national  interests  and  the 
only  agenc}'  which  can  effectively  cope  with  interstate 
problems.  The  energy-resources  industries  are  thor- 
oughly interstate,  in  production  as  well  as  in  the  use 
of  their  products.  Thus  the  chief  recommendations  of 
this  study  contemplate  a  continuing  or  a  broadening  of 
the  Federal  interest.  These  recommendations  may  be 
summarized  as  follows : 

1.  Ths  research  function. — Both  fundamental  and 
applied  research  should  be  stimulated  and  supported 
by  the  Federal  Government  in  the  agencies  concerned 
with  the  energy  resources,  and  this  research  work 
should  be  vigorously  pointed  in  the  direction  of  con- 
servation of  these  resources,  i.  e.,  toward  the  efficient 
use  of  our  energy  resources  in  the  interest  of  the  na- 
tional welfare,  the  avoidance  of  unnecessary  waste  in 
their  production  and  utilization,  and  the  safeguarding 
in  economic  health  of  the  industries  and  populations 
on  Avhich  we  rely  for  the  development  of  these  vital 
resources.  Much  of  this  research  function  can  be  dis- 
charged only  by  the  Federal  Government,  although 
important  parts  of  it  have  been  and  should  be  dis- 
charged by  the  State  governments,  by  educational  and 
other  quasi-public  agencies,  and  by  the  affected  indus- 
tries. Wherever  conducted,  however,  this  basic  func- 
tion of  extending  the  frontiers  of  knowledge  and  appli- 
cation in  this  field  requires  and  merits  continuing  and 
vigorous  stimulation  by  the  Federal  Government. 

2.  Public  policy  toward  the  coal  industry. — It  has 
been  abundantly  demonstrated  that  unfettered  com- 
petition in  the  bituminous  coal  industry  produces  re- 
sults that  are  destructive  of  sound  national  values — 
destructive  of  the  interests  of  operators,  miners,  and 
the  i^ublic  alike.  In  the  absence  of  controls,  the  pres- 
sure of  surplus  capacity  in  this  industry  can  be  relied 
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on  to  bring  waste  of  irreplaceable  resources,  chronic 
depression  and  lowering  of  economic  and  social  stand- 
ards in  the  mining  regions,  losses  to  operators,  and 
impairment  of  earnings  and  labor  standards  for  the 
miners.  These  problems  are  national  problems,  and 
only  the  Federal  Govermnent  has  powers  commensu- 
rate with  their  scope.  The  distribution  of  the  industry 
over  many  States  and  the  widespread  interstate  dis- 
tribution and  use  of  its  product  render  State  action 
futile.  Thus,  it  has  come  to  be  more  or  less  universally 
recognized  that  regulation  is  required  and  that  Fed- 
eral regulation  is  the  only  effective  regulation.  The 
Bituminous  Coal  Act  of  1937,  rc'i^-esenting  this  grow- 
ing conviction  that  something  had  to  be  done,  provides 
for  a  system  of  fair  minimum  prices  and  of  market- 
ing regulations  designed  to  outlaw  unfair  marketing 
practices.  Although  it  is  too  early  to  render  a  verdict, 
it  is  clear  that  wise  administration  must  seek  a  careful 
and  conclusive  testing  of  the  operation  of  minimum 
prices.  Through  the  provisions  with  respect  to  market- 
ing agencies  and  investigations  of  the  need  of  pro- 
duction control,  the  Act  offers  means  of  evolution 
should  experience  indicate  the  desirability  of  modifi- 
cation of  the  primary  system  of  price  control.  This 
Act  is  a  step  in  the  evolution  of  a  permanent  national 
policy  toward  the  gi"eatest  of  our  energy  resources, 
and  no  effort  should  be  spared  to  make  tlie  test  con- 
clusive. The  grave  administrative  responsibilities  rest- 
ing upon  the  National  Bituminous  Coal  Commission 
demand  exceptional  judgment  and  ability  and  an  ex- 
pert staff  of  the  highest  professional  competence. 

Wliatever  modifications  the  experience  gained  under 
the  four  years  of  life  of  the  pre-sent  coal  act  may 
suggest,  the  need  for  public  supervision  of  the  coal  in- 
dustry will  remain  permanently.  Some  means  are  re- 
quired for  effectively  balancing  production  against  re- 
quirements, whether  by  control  of  prices,  by  control  of 
distribution,  or  by  both.  A  less  immediate  but  more 
fundamental  need  is  to  control  the  opening  of  new 
mines  and  retard  expansion  of  capacity  beyond  reason- 
able requirements.  Adequate  safeguards  must  h&  pro- 
vided for  maintaining  labor  standards  and  protecting 
the  rights  of  consumers  by  Government  supervision  of 
the  system  of  regulation. 

With  respect  to  the  anthracite  industry,  it  is  to  be 
noted  that  measures  designed  to  deal  with  the  economic 
and  human  distress  in  that  industry  in  Pennsylvania 
have  recently  been  proposed  by  a  special  State  investi- 
gating commission.  Without  in  any  way  passing  judg- 
ment on  those  proposals,  we  make  no  recommendations 
here  concerning  anthracite  in  the  belief  that  the  Com- 
monwealth of  Pemisylvania  should  first  exhaust  its  own 
remedies.  If  it  finally  becomes  evident  that  the  Com- 
monwealth cannot  cope  with  the  anthracite  problem, 
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then  it  may  become  necessary  to  extend  the  jurisdiction 
of  an  appropriate  Federal  agency  to  that  industry. 

3.  Public  policy  toward  the  oil  and  gas  industries. — 
The  rank  of  petroleum  as  a  source  of  energy,  its  vital 
importance  in  national  defense,  its  vulnerability  to  de- 
structive forces  in  exploitation,  and  its  comparatively 
small  reserve  in  comparison  with  the  high  rate  of  with- 
drawal place  this  commodity  in  a  unique  position 
among  the  energy  resources.  The  welfare  of  the  Nation 
is  so  dependent  upon  a  continuous  and  reasonably 
priced  supply  of  motor  fuel,  lubricants,  and  other  pe- 
troleum products  as  to  demand  the  consideration  of 
petroleum  from  the  standpoint  of  national  policy. 
Present  Federal  legislation  consists  of  the  act  consent- 
ing to  the  Interstate  Oil  Compact  and  the  law  com- 
monly referred  to  as  the  Connally  Act.  The  Compact 
has  been  of  value  in  providing  an  agency  through 
which  State  officials  might  meet  in  common  discussion 
of  their  problems,  but  several  of  the  important  oil- 
producing  States  are  not  members  of  the  Compact 
and  not  all  the  member  States  have  oil  conservation 
laws.  The  Connally  Act  has  served  a  useful  purpose  in 
helping  certain  States  enforce  their  conservation  laws 
by  keeping  oil  produced  in  violation  of  those  laws  out 
of  the  stream  of  interstate  and  foreign  commerce.  The 
Act,  however,  does  not  make  it  necessary  for  oil-pro- 
ducing States  to  enact  conservation  laws,  and  it  does 
not  prescribe  minimum  standards  of  production.  In 
short,  the  problem  of  conservation  has  not  been  solved 
by  what  is,  in  effect,  delegation  to  the  States  of  certain 
powers  over  interstate  commerce  in  oil.  No  State  is 
now  in  position  to  protect  itself  from  another  State, 
and  consequently  no  State  can,  in  equity  to  its  own  in- 
dustry, enforce  regulations  appreciably  more  effective 
than  those  of  other  States  competing  for  the  same 
markets.  In  order  to  assure  the  benefits  of  a  continu- 
ous stream  of  reasonably  priced  liquid  fuel  for  as  long 
as  possible  for  the  national  defense;  for  the  people  as 
a  whole;  for  all  the  States,  oil  producing  and  non-oil 
producing ;  and  to  protect  those  States  that  desire  con- 
servation against  those  considering  only  the  immedi- 
ate gain,  the  Federal  Government  should  be  in  posi- 
tion, in  cooperation  with  the  States  and  the  industry, 
to  establish  standards  for  pi'oduction  designed  to  pre- 
vent waste,  to  encourage  conservation,  and  to  protect 
interstate  and  foreign  commerce  from  the  burden  of 
oil  produced  in  violation  of  such  standards.  The  pro- 
duction and  transportation  of  oil  and  gas  make  up  a 
stream  of  interstate  commerce  so  continuous,  so  wide- 
spread, and  so  essential  that  the  legal  basis  for  protec- 
tion of  the  Federal  interest  is  scarcely  subject  to  de- 
bate. In  addition,  the  power  of  the  Federal  Govern- 
ment to  provide  for  the  national  defense  offers  a  sound 
basis  for  regulations  aimed  at  conserving  oil  and  gas. 
In  time  of  war  this  power  would  undoubtedly  become 
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operative,  but  the  adequacy  of  a  future  supply  impera- 
tively requires  peace-time  protective  measures.  Not 
only  are  petroleum  products  essential  to  the  Army  and 
Navy  but  it  is  true  also  that  manufacturing  and  trans- 
portation facilities,  vital  to  the  Army  and  Navy,  are 
dependent  for  their  continued  operation  upon  petro- 
leum. It  has  been  estimated,  for  example,  that  during 
a  national  emergency  the  demand  for  petroleum  would 
increase  by  one-fourth.  At  the  present  rate  of  con- 
sumption this  increase  would  amount  to  about  800,000 
barrels  per  day.  Just  as  the  Supreme  Court  of  the 
United  States  has  within  recent  weeks  held  that  the 
exertion  of  the  Federal  power  does  not  have  to  await 
the  disruption  of  services  essential  to  the  maintenance 
of  interstate  commerce,  so  may  it  be  declared  with  em- 
phasis that  the  exercise  of  the  power  to  provide  for 
the  national  defense  does  not  have  to  await  the  arrival 
of  a  national  emei'gency.  Petroleum  is  vital  in  the 
national  defense,  and  to  defer  the  application  of  ade- 
quate conservation  measures  until  the  declaration  of  a 
national  emergency  is  almost  as  illogical  as  to  defer 
similarly  the  construction  of  battleships. 

An  appropriate  Federal  agency  would  be  required  to 
administer  the  Federal  interest  in  the  oil  and  gas 
industry  and  to  make  necessary  rules  and  regulations 
concerning  the  production  of  and  commerce  in  oil  and 
gas.  Such  regulation  under  Federal  auspices  should 
be  coordinated  witli  a  rational  policy  concerning  ex- 
ports and  imports  of  petroleum  undertaken  with  the 
aim  of  conserving  the  Nation's  reserves. 

It  is  recognized  that  the  development  of  minimum 
standards  for  the  production  and  transportation  of  oil 
and  gas  designed  to  further  the  national  interest  in 
conservation  of  these  resources  is  a  complex  problem 
and  that  such  standards  should  be  developed  in  coop- 
eration with  the  State  regulatory  agencies  and  the  rep- 
resentatives of  the  industry.  This  process  will  inevi- 
tably be  time-consuming.  In  the  meantime,  the  Con- 
nally  Act  expires  June  30,  1939.  In  order,  therefore, 
that  the  change  may  be  brought  about  gradually  and 
with  the  minimum  of  readjustments,  it  is  recommended 
that  this  measure  be  extended  for  such  time  as  may  be 
necessary  for  the  framing  and  enactment  of  an  ade- 
quate Federal  oil  and  gas  measure.  Therefore,  it  is 
further  recommended  that  such  a  Federal  measure  be 
enacted  defining  in  general  terms  minimum  standards 
for  the  production  and  transportation  of  oil  and 
gas;  creating  an  appropriate  Federal  administrative 
agency ;  and  providing  for  tlie  conduct  of  hearings  by 
that  agency  in  order  that  the  experience  of  the  Federal 
Government,  the  State  regulatory  commissions,  and 
the  industry  may  be  pooled  in  the  establislunent  of 
detailed  standards  and  regulations  designed  to  protect 
the  national  interest  in  the  scientific  production  and 
conservation   of   these  irreplaceable  resources.    It  is 


recomanended,  also,  that  such  legislation  provide  a  rea- 
sonable period — say,  6  months — between  the  promul- 
gation of  these  regulations  and  their  enforcement  to 
give  the  State  regulatory  agencies  opportunity  to  bring 
their  own  regulations  in  conformity  with  the  mini- 
mum national  standards,  thereby  minimizing  the  neces- 
sity of  Federal  supervision. 

Although  these  proposals  properly  contemplate  a 
broadening  Federal  interest,  much  can  be  accomplished 
by  State  efforts.  Adoption  of  minimum  Federal  stand- 
ards need  not  stand  in  the  way  of  experimentation  by 
the  States  in  their  adoption  of  special  State  standards. 
The  problem  of  prolonging  the  life  of  their  reserves 
and  thus  of  maintaining  as  long  as  possible  a  healthy 
l^etroleum  industry  should  be  sufficient  to  challenge  the 
best  efforts  of  tlie  strongest  State  regulatory  com- 
missions. 

4.  Undeveloped  water  power  resources  and  public 
policy. — As  a  source  of  energy  water  power  affects  and 
is  affected  by  the  available  fuels,  but  differs  from  them 
in  that  it  is  not  reduced  by  use.  Water  power  is  wasted 
if  not  used.  As  a  use  of  water,  power  affects  and  is 
affected  by  the  other  functions  and  controls  of  water 
to  which  a  stream  may  be  adapted.  Almost  any  con- 
siderable project  for  the  control  or  use  of  an  important 
stream  will  serve- — or  can  serve — more  than  one  useful 
purpose.  There  need  be  no  conflict  between  tlie  several 
purposes,  including  power,  if  the  full  possibilities  of 
the  stream  are  realized  in  the  public  intei'est.  The 
objective  is  to  develop  each  of  the  resources  of  a  major 
stream  in  harmony  with  the  others,  to  the  end  that  the 
sum  of  the  potential  benefits  to  the  public  shall  be  a 
maximum. 

Feasible  undeveloped  water-power  sites  of  the  United 
States  are  estimated  to  be  capable  of  producing  six 
times  as  much  energy  as  those  now  developed,  but  only 
a  little  more  than  twice  the  energy  produced  in  1937 
for  public  use  by  fuel  and  water  power  combined. 

Technological  changes  now  in  prospect  that  may  af- 
fect the  feasibility  of  water  power  include  those  relat- 
ing to  long-distance  transmission  of  electric  energy. 
Repeatedly,  the  engineering  limit  of  transmission  has 
been  extended.  Twenty  years  ago  it  was  generally  felt 
that  the  practical  engineering  limit  had  probably  been 
reached  and  that  that  limit  was  about  200  miles.  Ten 
years  ago  a  bold  designer  would  have  placed  the  dis- 
tance at  perliaps  300  miles.  Today  it  is  known  that  we 
can  design,  build,  and  operate  lines  longer  than  are  jus- 
tified by  immediate  economic  conditions.  Wlien  power 
can  be  transmitted  economically  several  hundred  or  a 
thousand  miles,  important  water-power  sources  will 
become  available  that  are  now  too  distant  from  existing 
markets. 

An  active  public  policy  of  multiple-purpose  develop- 
ment of  water  resources  is  desirable,  in  view  of  the 
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pressing  cliaracter  of  problems  related  to  flood  control, 
public  water  supply,  stream  pollution,  irrigation,  and 
navigation,  and  in  view  of  positive  reasons  for  public 
development  of  water  power.  An  active  policy  of 
public  development  of  water  power  is  likewise  desir- 
able. Both  development  directly  for  power  purposes, 
where  there  is  no  conflict  with  more  urgent  water  con- 
trol, and  the  best  feasible  use  of  head  made  available 
by  storage  for  other  purposes  would  contribute  toward 
the  attainment  of  three  major  national  objectives, 
namely : 

(a)  Conservation  of  scarce  fuel  materials — petro- 
leum, natural  gas,  and  high-gi-ade  coals. 

{b)  Strengthening  the  national  economy,  through 
bringing  about  cheaper  electricity  more  widely  avail- 
able. 

(c)  Strengthening  the  national  defense,  through  bet- 
ter assurance  of  ample  electric  energy  in  time  of  war. 

Multiple-purpose  plans  for  stream  development 
aimed  at  the  several  important  purposes,  including 
direct  or  incidental  power  of  production,  should  be 
designed  and  executed  in  terms  of  drainage  basins  or 
major  subbasins.  Efficacy  of  controls  requires  deal- 
ing with  the  main  stem  of  a  stream  and  w-ith  all  im- 
portant tril)utaries.  The  Federal  Government  should 
have  primary  autliority  and  responsibility  for  the  de- 
sign and  execution  of  these  multiple-purpose  drainage 
basin  plans  for  development  and  conservation  of  water 
resources.  Private  business  fii'ms  cannot  be  expected 
to  undertake  the  several  important  nonpower  func- 
tions which  cannot  yield  salable  products.  Moreover, 
private  business  firms  cannot  be  expected  even  to  bring 
about  the  most  economic  development  of  water  power, 
beciiuse  the  necessary  storage  does  not  seem  to  be  gen- 
erally justifiable  for  power  alone.  State  and  munici- 
pal projects  that  harmonize  with  Federal  design  are 
quite  possible  and  to  be  expected;  but,  because  of  the 
interstate  character  of  most  of  our  important  streams 
and  llic  international  character  of  some.  State  juris- 
diction is  too  limited  for  the  drainage  liasin  plan. 

Federal  policy  should  eventually  embrace  a  degree 
of  control  over  the  operations  of  private  water-power 
plants  in  the  streams  covered  by  any  basin  ])lan  suf- 
ficient to  insure  that  thej-  will  harmonize  with  lliose 
of  the  general  plan.  Uncontrolled  operation  by  pri- 
vate interests  would  interfere  seriously  both  with  thor- 
oughgoing design  and  with  the  best  coordination  of 
water  controls.  Federal  policy  on  development  of 
water  power  should  embrace  the  building  or  the  ac- 
quirement of  steam  plants  in  connection  with  any 
hydro  development  needing  steam-driven  capacity  for 
the  best  balance  of  system  capacity.  The  location  of 
such  a  plant  ne^d  not  be  in  the  immediate  basin  area, 
for  the  same  plant  properly  placed  might  serve  as  the 
steam  supplement  of  two  or  more  basin  hydro  systems. 


Design  of  the  j)ower  system  in  any  of  the  basin  de- 
velopments should  include,  in  accord  with  the  best 
technology  of  power  transmission,  the  best  practicable 
interconnection  (a)  of  the  several  plants  within  a  basin 
system,  (b)  of  neighboring  basin  systems  (within  the 
reach  of  economic  transmission),  and  (c)  the  steam 
capacity  built  or  acquired  to  balance  capacity. 

Transmission  of  electric  energy  is  in  many  social  and 
economic  essentials  closely  akin  to  transportation  of 
commodities.  Particularly  as  the  economic  limits  of 
transmission  are  extended,  we  believe  that  the  national 
interest  will  be  served  best  by  coordinated  systems  of 
interconnections  which  will  make  available  in  wider 
markets  energy  derived  from  the  most  economical 
sources,  regardless  of  whether  they  are  large-scale 
hydro  plants  or  efficient  steam  plants.  Such  coordi- 
nated systems  would  make  the  Nation  less  vulnerable 
to  attack  in  time  of  war  and  less  vulnerable  to  the 
emergencies  of  ])eace  as  well  as  better  prepared  for  the 
continuing  problems  of  peace  time  development. 

5.  Toward  an  energy  resources  policy. — It  was 
pointed  out  earlier  in  this  report  that  it  is  now  time  to 
take  a  larger  view;  to  recognize — more  fully  than  has 
been  possible  or  perhaps  needful  in  the  past^ — that  each 
of  our  great  natural  resources  of  energy  affects  the 
others.  A  policy  for  any  one  of  these  resouixes  is 
boimd  to  affect  its  relative  position  with  respect  to 
the  otiicis.  It  is  difficult  in  the  long  run,  therefore, 
to  envisage  a  national  coal  policy  or  a  national 
petroleum  policy  or  a  national  water-power  policy 
witliout  also  in  time  a  national  policy  directed  toward 
all  those  energy  producers — that  is,  a  national  energy 
resources  policy.  Such  a  broader  and  integrated 
policy  toward  the  problems  of  coal,  petroleum,  natural 
gas,  and  water  power  cannot  be  evolved  overnight, 
for  each  of  these  problems  is  amazingly  complex. 
Despite  the  complexity  of  those  problems,  in  the  na- 
tional interest  we  shall  have  to  move  in  the  direction 
(if  solutions. 

The  widening  interest  and  responsibility  on  the  part 
of  the  Federal  Government  for  the  wise  conservation 
and  utilization  of  the  Nation's  energy  resources  raises 
many  perplexing  questions  of  policy  determination.  In 
essence,  there  must  be  adequate  planning  and  provision 
for  studies  which  will  reflect  the  best  technical  experi- 
ence available  as  well  as  full  consideration  for  both 
regional  and  grouj)  interests. 

At  this  stage  in  our  national  development  an  ad- 
visory planning  group  for  the  energy  resources  is 
suggested.  This  group,  however,  should  comprise  only 
one  unit  of  an  over-all  planning  agency  specifically 
estal>lished  in  the  Federal  Government  to  serve  the 
President  and  the  Congress  in  an  advisory  capacity  on 
planning  and  policy  matters  for  all  of  our  national 
resources. 
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Members  of  such  an  energy  resources  planning  group 
should  include  representatives  of  the  industries  and  of 
the  Federal  and  State  agencies  concerned.  These  rep- 
resentatives should  be  selected  on  the  basis  of  their 
technical  competence,  practical  judgment,  and  experi- 
ence ;  and  their  activities  with  the  co-ordinating  group 
should  reflect  their  technical  experience  and  their  desire 
to  serve  best  the  national  interest. 

It  should  be  borne  in  mind  in  organizing  and  carry- 
ing forward  the  work  of  the  planning  group  that 
fundamentally  the  responsibility  of  the  Federal  Gov- 
ernment in  planning  for  the  energy  resources  rests  upon 
the  basic  assumption  that  the  wise  management  and 
use  of  these  resources  is  necessary  in  the  national  in- 
terest. Power  lies  at  the  foundations  of  our  industrial 
civilization,  and  the  American  economy  stands  in  a 
favored  position  by  virtue  of  the  bounties  of  nature. 
Our  problem,  fortunately,  is  not  one  of  stretching  a 
niggardly  supply  but  rather  that  of  wise  use  of  a  rela- 
tively favorable  supply  of  presently  available  and  po- 
tential energy  resources.  Despite  this  favorable  posi- 
tion, however,  the  problems  of  these  industries  are  acute 
ones— problems  concerned  with  physical  resource  con- 
servation, with  restoration  and  preservation  of  eco- 
nomic health  in  the  energy  resources  industries,  and 
with  the  well-being  of  the  populations  dependent  on 
these  industries.  Both  the  diversity  of  these  problems 
and  their  interlocking  relationships  require  the  weigh- 
ing of  conflicting  interests  and  points  of  view. 

Accordingly,  it  is  recommended  that  the  National 
Resources  Committee,  in  cooperation  with  the  inter- 
ested agencies  of  the  Federal  Government  and  with 
representation  for  interested  State  agencies  and  for  the 
energy  resources  industries,  establish  an  Energy  Re- 
sources Committee  to  function  as  an  advisory  planning 
agency  in  the  formulation  of  a  coordinated  national 
policy  toward  the  energy  resources  industries. 

6.  The  general  welfare. — It  is  well  to  remember  that 
the  present  and  proposed  regulatory  measures  discussed 
in  this  summary  are  designed  to  promote  the  develop- 
ment of  the  energy  resources  industries  along  lines 
that  will  be  consistent  with  the  broad  national  interest. 
The  problems  of  conservation  which  dictate  these 
measures  are  not  the  result  of  passing  emergencies. 
Rather,  they  are  continuing  problems,  and  if  they  can- 
not be  solved  by  the  regulatory  approach  then  we  may 
anticipate  with  some  confidence  that  there  will  emerge 
an  insistent  and  eventually  irresistible  demand  for  pub- 
lic ownership  and  control. 

The  paramount  responsibility  of  Government  is  to 
protect  the  general  welfare.  That  way  lies  safely  and 
a  progressive  evolution  of  our  economy  and  of  our  po- 
litical institutions.    The  lessons  of  European  develop- 


ments in  the  post-war  period  are  clear  on  this  point: 
to  fail  to  recognize  emerging  economic  and  social  prob- 
lems, to  fail  to  foresee  the  threatening  forms  they  will 
assume,  and  to  fail  to  work  out  logical  plans  for  solv- 
ing these  problems  is  to  neglect  the  general  welfare 
and  to  pave  the  way  for  extremists.  No  amount  of 
confusing  legalistic  discussion  of  limitation  of  powers 
can  obscure  the  reality  of  the  choices  before  us.  We 
must  evolve  ways  of  protecting  the  general  welfare  or 
face  the  consequences  in  mass  discontent.  To  protect 
the  general  welfare  in  our  time — in  an  industrialized 
and  urban  economy — means  above  all  else  to  build  and 
maintain  in  good  order  a  sound  economic  structure.  In 
an  industrial  civilization  the  energy  resources  consti- 
tute the  foundation  stones  in  that  structure. 

The  broadening  of  the  Federal  interest  with  respect 
to  these  energy  resources  has  been  justified  primarily 
on  the  basis  of  the  need  for  their  conservation,  broadly 
defined  to  mean  their  wise  use ;  that  is,  the  efficient  use 
of  our  energy  resources  in  the  interest  of  the  national 
welfare,  the  avoidance  of  unnecessary  waste  in  their 
production  and  utilization,  and  the  safeguarding  in 
economic  health  of  the  industries  and  populations  on 
which  we  rely  for  the  development  of  these  vital  energy 
resources.  But  it  must  be  observed  that  the  need  for 
conservation  is  but  a  special  case.  The  general  case  is 
that  Government  intervenes  with  control  measures 
when  the  economic  organization  of  a  segment  of  the 
economy  is  such  as  not  to  yield  socially  desirable  re- 
sults. If  the  economic  organization  is  one  of  monopoly, 
"natural"  or  contrived,  Government  intervenes  to  re- 
strain the  exercise  of  the  privileges  of  monopoly;  e.  g., 
rate  regulation  or  yardstick  regulation  of  electric  util- 
ities. If  the  economic  organization  is  such  that  com- 
petitive conditions  and  i^ractices  produce  chronic  de- 
pression in  the  industry  and  demoralizing  distress 
among  those  dependent  on  the  industry,  then  Govern- 
ment intervenes  to  seek  correction  of  those  conditions 
and  practices;  e.  g.,  regulation  of  the  bituminous  coal 
industry.  If  the  economic  organization  is  such  as  to 
lesult  in  grave  waste  of  irreplaceable  and  distinctly 
limited  resources,  then  Government  may  and  should 
intervene  to  protect  the  public  interest  in  conserving 
the  supplies  of  those  resources;  e.  g.,  the  case  for  the 
determination  and  enforcement  of  minimum  Federal 
standards  in  the  production  and  transportation  of 
petroleum  and  natural  gas. 

It  is  not  likely  that  backward  steps  will  be  taken; 
it  is  not  likely  that  we  shall  retreat  from  the  social 
and  economic  advances  made  in  the  domain  of  the 
energy  resources.  Rather,  it  is  likely  that  we  shall 
press  on  toward  the  objective  of  the  general  welfare. 
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INTRODICTION    TO    STAFF  STUDIES 


In  accordance  with  tlie  President's  instructions,  in 
his  letter  of  Marcli  15,  1938,  to  the  Chairman  of  the 
National  Resources  Committee,  this  study  of  the  Na- 
tion's energy  resourc«s  has  been  focussed  on  problems 
of  national  policy  with  respect  to  the  prudent  utiliza- 
tion and  conservation  of  these  resources.  The  Presi- 
dent's letter  made  clear  not  only  the  objectives  of  the 
study  but  also  the  manner  in  which  the  inquiry  was  to 
be  conducted.  First,  the  time  schedule  was  such  as  not 
to  permit  of  further  extended  research.  Second,  the 
nature  of  the  objectives  called  for  a  cooperative  under- 
taking by  the  National  Resources  Committee  and  all 
the  other  interested  agencies  of  the  Federal  Govern- 
ment. Thus,  the  task  was  one  of  assembling  the  exist- 
ing materials,  enlisting  the  help  of  the  various  Federal 
agencies,  and  bringing  these  forces  to  bear  on  a  major 
problem  of  national  policy. 

The  study  was  launched  at  an  interdepartmental  con- 
ference held  June  29,  1938,  and  attended  by  representa- 
tives of  8  Federal  agencies.  In  response  to  suggestions 
made  at  tliat  meeting,  the  list  of  cooperating  agencies 
was  expanded  to  include  20  agencies,  as  follows: 


Department  of  State. 
Di'piirlmcnt  of  War. 
Dopartmi'iit  of  the  Navy. 
Department  of  the   Interior : 

Petroleum  Conservation  Division. 

Geological  Survey. 

Bureau  of  Uci-lamation. 

Bureau  of  Mines. 

Bonneville  Project. 

National  Bituminous  Coal  Commission 

Consumers  Counsel,  National  Bituminous  Coal  Com- 
mission. 
Department  of  .\;;ri(ullure : 

Forest  Service. 
Department  of  Commerce: 

Bureau  of  Foreign  and  Domestic  Commerce. 

National  Bur<>au  of  Stan(lar<ls. 
InfIopcn(l(>nl   Agencies  : 

IntiTstnIc  <^)nlIn('r(•e  Conunission. 

Federal  Power  Commission. 

Tennessee  Valley  Authority. 

Rural  Electrification  Administration. 

Securities  and  Kxchange  Conunission. 

National  Power  Policy  Committee. 

U.  S.  Tariff  Commission. 
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NOTE 

Attention  is  directed  to  the  fact  that  since  this  report  was  completed, 
the  National  Bituminous  Coal  Commission  has  been  abolished  under  the 
President's  Reorganization  Plan  No.  2  and  its  powers,  duties,  and  func- 
tions transferred  to  the  Secretary  of  the  Interior.  Also,  the  Conn-ally 
Act  regulating  interstate  and  foreign  commerce  in  petroleum,  which 
would  have  expired  on  June  30,  1939,  has  been  extended  for  an  indefinite 
period  by  the  Congress. 


PART    ONE— SECTION    I 
THE    COAL   INDUSTRY 

By  Wilbert  G.  Fritz* 


CHAPTER  1.— THE  SIGNIFICANCE  OF  COAL 


High  prodiictivitj-  in  the  United  States  is  made  pos- 
sible by  widespread  use  of  energy  derived  from  nat- 
ural resources.  The  United  States  consumes  more 
power  per  capita  than  any  other  nation  in  the  world. 
Heavy  consumption  of  minerals  has  enabled  the  Nation 
to  accomplish  what  human  energy  supplemented  only 
by  work  animals,  wood,  and  direct  application  of  wind 
and  falling  water  could  never  do.  One  is  led  to  inquire 
whether  this  extensive  use  of  energy  can  continue  or 
whether  limitation  of  resources  will  compel  an  early 
decline. 

Historical  Background 
of  Energy  Utilization 

Throughout  history,  the  pace  of  industrial  progress 
has  been  attuned  almost  directly  to  the  proportions  of 
energy  tliat  human  beings  have  been  able  to  apply  to 
productive  ends.  The  multiplication  of  human  effort 
by  the  application  of  resource  energy  has  gained  mo- 
mentum with  the  passage  of  time.  Domestication  of 
animals,  and  especially  their  use  for  work,  was  a  boon 
to  early  civilizations.  Leading  cultures  in  all  ages 
owed  their  existence  m  large  part  to  concentrated  ap- 
plication of  energy  in  one  form  or  another.  James 
Fairgrieve,  in  contrasting  energy  use  in  Great  Britain 
with  that  in  ancient  Greece,  points  out  that  the  great 
power  of  Greece  was  based  largely  on  work  done  by  a 
servile  class.'  On  the  average,  each  Greek  freeman  had 
five  helots  who  supplied  most  of  his  energy  needs. 

For  many  centuries,  wind  power  constituted  the  chief 
basis  for  commercial  development.  The  sailboats  of 
the  Phoenicians  during  the  period  1500  B.  C.  to  400 
B.  C.  enabled  that  country  to  gain  a  position  commer- 
cially far  ahead  of  its  contemporaries,  even  though  the 
country  occupied  an  area  not  much  larger  than  the 
state  of  Delaware. 

Columbus'  discovery  of  America  represented  an  at- 
tainment made  possible  by  the  application  of  wind 
power  to  the  sail.  The  famous  American  Clipper  Ship 
era  marked  the  climax  of  that  application.  Colonial 
America  depended  heavily  on  water  power  as  a  source 
of  energy,  and  industrialization  in  New  England  up 


to  about  100  years  ago  was  based  predominantly  on  the 
use  of  water  wheels.  The  Clipper  Ship  era  and  the 
water-power  era  gave  way  to  the  "coal  age,"  which 
came  with  the  introduction  of  the  steam  railroad  and 
the  steamship. 

Rapid  though  the  development  of  resource  energy 
was  when  coal  first  became  the  dominant  source  of 
energy,  the  rate  of  use  in  recent  decades  far  outstrips 
that  of  the  earlier  period.  F.  G.  Tryon  says  that  dur- 
ing the  quarter  century  ended  with  1935  the  United 
States  consumed  more  fuel  and  more  power  than  in 
all  the  previous  history  of  the  country  back  to  the  days 
of  earliest  colonization.-  Although  coal  consumption 
did  not  grow  as  rapidly  as  oil  and  gas  consumption 
during  this  25-year  period,  it  has  shown  a  large  net 
growth ;  and  it  supplies  at  present  more  than  one-half 
of  the  total  energy  derived  from  coal,  oil,  natural  gas, 
and  water  power. 

It  is  generally  recognized  that  the  United  States 
uses  more  power  per  capita  than  any  other  country. 
This  Nation  consumes  normally  1.6  times  as  much  power 
per  capita  as  Great  Britain,  2.5  times  as  much  as  Ger- 
many (before  the  acquisition  of  territory  under  the 
Third  Reich),  11  times  as  much  as  Japan,  and  150  times 
as  much  as  China.'  A  comparison  of  human  with  other 
forms  of  energy  is  of  interest  in  this  connection,  al- 
though no  one  should  assume  the  possibility  of  a  high 
degree  of  accuracy  for  such  a  comparison.  Professor 
T.  T.  Read  estimates  that  human  energy  in  the  United 
States  constitutes  less  than  3  percent  of  total  energy 
and  thus,  that  more  than  97  percent  is  derived  from 
other  sources.*  According  to  Professor  Read's  study, 
about  35  units  of  mechanical  energy  are  used  for  each 
unit  of  human  energj'.'    Every  person  in  the  United 


'  Fairgrieve,    Oeograph;/    and    World    Power    (London,    University    of 
London  Press.  Ltd..  1924).  p.  31C. 

•Bureau  of  Business  Research,  University  of  Pittsburgh. 


'Testimony  in  the  Garter  Coal  case,  Supreme  Court  of  the  United 
States,  October  Term,  1935,  No.  636,  Transcript  o]  Record,  voL  1,  p.  287. 

•  Ihid. 

*T.  T.  Read,  "The  American  Secret,"  Atlantic  Monthlv,  March  1927, 
p.  291. 

•  This  estimate  appears  to  be  conservative  measured  by  other  estl- 
niatp.'i  available.  Chester  G.  Gilbert  and  .Toseph  E.  Pogue  (in  America's 
Power  Resources,  New  York,  the  Century  Co.,  1921),  assuming  a  power 
utilization  oT  160,000.000  horsepower  and  an  equivalence  of  20  man 
power  for  1  horsepower,  derived  an  estimate  in  1921  of  30  units  of 
mechanical  energy  for  one  unit  of  human  energy.  The  ratio  of  20  to 
1  for  Great  Britain,  referred  to  by  the  authors,  if  raised  1.6  times 
(see  the  comparison  of  British  and  American  energy  consumption  above 
In   the  body   of  this   report),   gives  a   ratio  for  the  United   States  of 
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States  has,  on  the  average,  35  invisible  slaves  working 
for  him.  The  total  energy  population  of  the  Nation  is 
the  equivalent  of  4,700  million  j>ersons,  but  none  of  the 
130  million  living  persons  need  be  kept  in  a  condition 
of  servitude  as  thousands  were  in  ancient  Greece. 
Owing  to  the  present  dependence  of  accomplishment  on 
resource  energy,  at  the  present  time,  economic  oppor- 
tunity for  persons  is  closely  associated  with  availability 
of  such  energy.  Accordingly,  one  camiot  visualize  a 
democratic  organization  of  society  without  widely  dis- 
tributed access  to  energy  resources. 

The  Need  for  Coal  Conservation 

Most  of  the  energy  sources  now  being  utilized  are 
irreplaceable:  once  consumed  or  lost,  they  cannot  be 
restored.  They  may,  however,  be  utilized  to  more 
effective  ends.  Conservation  of  energy  resources  does 
not  mean  saving  at  a  substantial  sacrifice  in  current 
levels  of  productivity.  As  has  been  pointed  out,  "it 
does  not  mean  locking  things  up.  It  means  a  wise  use, 
the  elimination  of  losses,  and,  where  possible,  the  sub- 
stitution of  a  more  abundant  material  for  a  less  abun- 
dant material."  ^ 

There  are  two  principal  reasons  why  coal  is  impor- 
tant in  a  consideration  of  the  problem  of  conservation. 
First,  in  the  United  States  coal  provides  more  than 
half  of  the  energy  derived  from  minerals  and  water 
power.  Second,  coal  resources,  constituting  an  "abun- 
dant material"  from  the  standpoint  of  energy  supply, 
can  be  made  available  only  under  an  increasing  handi- 
cap as  the  better  reserves  become  exhausted. 

Coal  deposits  are  gigantic  storage  batteries  of  solar 
energy,  but  the  batterj'  cannot  be  recharged  when  it  is 
run  down.  Most  of  the  coal  deposits  were  formed  200 
million  to  250  million  years  ago,  when  the  world  was 
covered  with  much  more  dense  vegetation  than  it  has 
now.  The  idea  of  the  origin  of  coal  is  not  new.  The 
view  of  Benjamin  Franklin  is  of  interest  in  this  con- 


32  to  1.  Per  capita  consumption  of  power  in  the  United  States  has 
increased  in  the  past  17  years,  so  that  a  current  estimate  of  35  to  1 
is  consistent  with  the  earlier  estimate. 

R.  B.  Harper  in  a  comparison  of  tlie  approximate  supplies  of  energy 
in  IDoO  ("Competition  between  Natural  Gas  and  Coal."  Proceedinffs  of 
the  Third  International  Conference  on  Bituminous  Coal,  1931,  vol.  I. 
p.  202)  assigns  53.5  percent  of  the  total  energy  supply  to  coal,  31.0 
percent  to  oil  and  gas,  8.5  percent  to  water  power,  6.0  percent  to  wood, 
0.1  percent  to  wind,  and  only  0.9  percent  to  muscular  power  (man  and 
work  animals).  This  estimate  ascribes  much  less  than  one  one- 
liundredth  of  the  energy  supply  to  man  power.  An  estimate  of  similar 
proportions  is  given  by  A.  A.  Potter  and  M.  M.  Samuels  ("Power," 
Technological  Trends  and  National  Policy.  National  Resources  Com- 
mittee, June  1937,  p.  263).  The  indefatigable  nature  of  mechanical 
energy,  of  course,  makes  it  more  amenable  than  human  energy  to 
sustained  application,  and  it  is  accordingly  far  superior  in  this  respect. 
Greater  precision  also  may  be  attained  by  machines. 

"  (leorge  H.  Ashley,  testimony  in  Carter  Coal  case.  Supreme  Court 
of  the  United  States.  October  Term.  1935,  No.  636.  Transcript  of  Record. 
vol.  1,  p.  530. 


nection.  "I  am  persuaded,  as  well  as  you,"  he  stated, 
"that  the  sea  coal  has  a  vegetable  origin,  and  that  it 
has  been  formed  from  the  surface  of  the  earth ;  but  as 
preceding  convulsions  of  nature  had  served  to  bring  it 
very  deep  in  many  places  and  covered  it  with  many 
different  strata,  we  are  indebted  to  subsequent  convul- 
sions for  having  brought  within  our  view  the  extremi- 
ties of  its  veins,  so  as  to  lead  us  to  penetrate  the  earth 
in  search  of  it."  ^ 

The  process  of  coal  formation  was  exceedingly  slow. 
George  H.  Ashley  has  estimated  that  it  required  300  to 
400  years  under  the  most  favorable  conditions  to  form 
one  foot  of  coal.'  The  Pittsburgh  bed  required  not 
less  than  2,700  years  and  may  have  taken  10,000  years. 
Yet  this  same  authority  estimates  the  life  of  the  bed  in 
Pennsylvania  to  be  about  100  years  additional  at  pres- 
ent rates  of  mining.' 

The  most  essential  constituent  of  coal — in  fact,  of 
all  fuel-energy  materials — is  the  carbon  atom.  Strange 
tliougli  it  may  seem,  carbon  is  one  of  the  rare  elements 
of  the  world.  It  constitutes  only  four  one-hundredths 
of  1  percent  of  the  elements  comprising  the  earth.^" 
In  the  list  of  earthly  elements  carbon  stands  close  to 
the  very  bottom  in  quantity. 

Carbon  is  the  indispensable  element  of  all  forms  of 
life;  it  is  the  basis  of  the  distinction  between  what  is 
organic  and  what  is  inorganic.  Coal  was  derived  from 
plant  life,  most  of  it  when  the  carbon  dioxide  in  the 
air  was  much  more  plentiful  than  it  is  at  present. 
"The  particles  of  carbon  dioxide  have  to  be  picked  out 
one  by  one  as  the  air  passes  in  a  tiny  stream  through 
the  pores  of  the  leaf,  and  the  sensitive  green-clad  sen- 
tinels of  chlorophyl  watching  at  the  gate  can  catcli  only 
three  molecules  out  of  ten  thousand  that  defile  them. 
If  none  of  the  carbon  dioxide  particles  elude  their  vig- 
ilance, the  yield,  after  sorting  over  a  ton  of  air,  is  only 
eleven  ounces  and  out  of  this  only  three  ounces  of  car- 
bon can  be  extracted."  ^^ 

This  segregation  of  carbon  from  the  air  is  only  the 
first  step  in  the  foi-mation  of  coal.  After  the  death  of 
the  vegetation  the  real  work  begins.  The  carbon  con- 
tent of  coal  is  far  more  concentrated  than  that  of  vege- 
table debris;  consequently,  condensation  must  take 
place  under  pressure  with  the  aid  of  humic  acid.  Geol- 
ogists have  estimated  that  five  to  eight  feet  of  compact 


'  Quoted  by  Lord  Melchett,  "Coal  Problems  in  Perspective,"  Proceed- 
ings, SecoTid  International  Conference  on  Bituminous  Coal,  Carnegie 
Institute  of  Technology,  Pittsburgh,  Pennsylvania,  1928,  vol.  I.  p.  202. 

'■•General  Information  on  Coal,"  Bituminous  Coal  Fields  of  Pennsyl- 
vania, Pennsylvania  Geological  Survey,  Bulletin  M— 6,  Part  I,  1928,  pp. 
45-46. 

"  Testimony  in  the  Carter  Coal  case.  op.  cit.  p.  533. 

"  Edwin  E.  Slosson,  "The  Synthetic  Kingdom,"  Proceedings,  Second 
International  Conference  on  Bituminous  Coal,  Carnegie  Institute  of 
Technology,  Pittsburgh,  Pennsylvania.  1928,  vol.  I,  p.  85. 

"  Ibid.,  p.  97. 
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vegetable  debris  were  required,  when  subjected  to  the 
compression  of  overlying  strata,  to  form  1  foot  of 
coal.'=  A  coal  bed  50  feet  thick,  such  as  the  Mammoth 
Bed  in  tlie  Schuylkill  Field  of  the  Pennsylvania  an- 
thracite region,  required  a  deposit  of  compact  vegetable 
debris  almost  400  feet  in  depth."  Hundreds  of  forest 
jungles  would  have  to  grow  and  decay  to  produce  a  de- 
posit so  thick  and  so  rich  in  carbon.  The  difficulty  of 
reproducing  a  forest  under  present-day  conditions,  not 
hundreds  of  times,  but  only  once,  is  familiar  to  those 
interested  in  reforestation.  Coal  beds  are  being  formed 
today  in  a  few  scattered  places,  but  no  one  can  afford 
to  wait  for  the  results. 

Coal  is  one  of  the  miracles  of  nature.  It  remains  to 
be  seen  how  successful  man  will  be  in  performing  a 
greater  miracle  by  providing  fuel  through  short-ciu 
synthetic  processes  at  a  cost  as  low  as  that  at  which 
ready-made  coal  can  be  obtained.  Up  to  the  present 
time,  nature  is  far  in  the  lead.  It  must  be  remembered 
that  improvements  in  short-cut  methods  must  compete 
with  new  developments  in  coal  use.  The  Nation's  rich 
bonus  of  coal  has  given  an  impetus  to  technological 
advance  in  energy  utilization. 

The  Growth  of  Coal  Utilization 

In  1793  the  United  States  produced  about  63,000  net 
tons  of  coal.^^  Approximately  two-thirds  of  the  pro- 
duction was  in  Pennsylvania  and  one-third  in  Virginia. 
Production  of  Pennsylvania  anthracite  was  probably 
only  200  tons.  In  1840,  when  the  first  census  of  coal 
output  was  taken  by  the  Federal  Government,  coal 
production  was  2,070,000  tons.'=  In  1860  it  reached 
14,610,000  tons.  In  each  year  from  1841  to  1869,  ex- 
cept 1865,  Pennsylvania  anthracite  production  exceeded 
total  bituminous  coal  production.'"  Before  that  period, 
and  since,  annual  production  of  bituminous  coal  was 
the  larger.  Each  year  prior  to  1873,  the  United  States 
imported  more  coal  than  it  exported.  In  subsequent 
years,  there  has  usually  been  a  considerable  export  bal- 
ance. The  largest  annual  coal  production  on  record 
was  in  1918,  M-hen  678.212,000  tons  were  mined.  By 
comparison,  output  in  1929  was  608.817,000  tons;  in 
1937,  494.311,000  tons.  The  growth  of  coal  production 
since  1840  is  shown  in  figure  1. 


PER   CAPITA    PRODUCTION  OF  COAL   IN 
THE    UNITED    STATES 

FOR    EVERY    TENTH    YEAR,  1840-1930   AND   FOR    1937 


"  The  Story  of  Anthracite,  prepared  and  published  by  the  Hudson 
Coal  Co..  1932,  p.  2. 

"  Ibid. 

"  Howard  N.  Eavenson,  The  Pittsburgh  Coal  Bed,  Itn  Early  History 
and  Development,  The  .\merican  Institute  of  Mining  and  Metallurgical 
Engin«^rs.  New  York,  193S,  table  1  (in  pocket  of  biick  cover).  A 
high  degree  of  accuracy  cannot  be  claimed  for  the  data  prior  to  1840, 
but  they  suggest  roughly  the  volume  of  production. 

"  United  States  Bureau  of  Mines,  Mineral  Resources  of  the  United 
States,  19M,  pt.  II,  p.  549. 

"  Eavenson,  loc.  cit. 
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Figure  1. 

The  first  hundred  years  of  the  Nation  was  a  period 
of  rapidly  growing  dependence  on  coal.  At  the  outset, 
water  power,  wind  power,  wood,  and  work  animals 
provided  most  of  the  energy  to  supplement  human 
energy.  Coal  consumption  began  to  expand  rapidly 
during  the  1830's  and  18-10's  in  connection  with  the 
ai)plicati(jii  of  steam  to  railroad  and  water  transpor- 
tation. 

At  the  beginning  of  the  current  century,  coal  (an- 
thracite and  bituminous)  contributed  89  percent  of  the 
energy  derived  from  mineral  fuels  (coal,  oil,  and  gas) 
and  water  power.'"  About  this  time,  coal  probably 
reached  peak  importance  in  the  share  of  total  energy 
it  provided.'"  This  statement  does  not  mean,  however, 
tliat  tlie  volume  of  coal  energy  ceased  to  grow  after 


"  Water  power  Is  taken  at  the  prevailing  central  station  equivalent 
for  the  year. 

1'  It  is  known  that  coal  was  relatively  less  important  In  the  total 
for  mineral  fuels  and  water  power  in  1889  than  in  1900.  For  much 
earlier  year.s,  such  sources  as  wood  and  wind  power  for  vessels  and 
mills,  not  included  in  the  data,  as  well  as  water  power,  probably  were 
larger  iwrceniages  of  the  total.  A  study  by  the  Tnited  Stales  Bureau 
of  Mines  of  energy  consumed  in  1923  indicated  that  R  iiercent  was 
derived  from  wond  fuel,  0.1  percent  from  windmills,  3  percent  from 
work  animals,  4  percent  from  water  power,  22  percent  from  oil  and  gas. 
and  about  65  percent  from  coal.  The  smallness  of  the  percentages  tor 
wood,  wind,  and  work  animals  suggests  that  they  could  not  have  been 
determining  factors  except  in  a  much  earlier  period  when  coal  con- 
stituted a  considerably  less  important  source.  Energy  represented  in 
coal  was  17,331  trillion  B.  t.  u.  in  1923,  but  only  7,123  trillion  in 
1900.  and  3.74B  trillion  in  1889.  See  Mineral  Resources  in  the 
United  States,  1927.  pt.  II,  p.  405  ;  also  H.  M.  Hoar,  The  Coal  Industry 
of  the  World,  Trade  Promotion  Series  No.  103,  1930,  U.  S.  Bureau  of 
Foreign  and  Domestic  Commerce,  pp.  32-34. 
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1900.  On  the  contrary,  it  increased  from  7.1  quadril- 
lion British  thermal  units  '^  in  1900  to  17.9  quadrillion 
British  thermal  units  in  1918  (fig.  2).  The  latter 
record  has  not  been  surpassed,  and  it  is  evident  that  the 
coal  industry  has  been  losing  ground  in  most  of  the 
post-war  period.  Despite  the  peak  of  coal  consumption 
in  1918,  coal  in  that  year  supplied  82  percent  of  the 
total  energy  derived  from  minerals  and  vrater  power, 
as  contrasted  with  89  percent  in  1900.  By  1929  the  per- 
centage was  reduced  to  63  and  by  1937  to  54.  Since  1900 
water  power  has  supplied  approximately  a  constant 
percentage  of  the  total  energy,  being  in  most  years  a 
little  more  than  3  percent.-"    The  outstanding  gain  has 


"A  British  thermal  unit,  abbreviated  B.  t.  u.,  is  the  heat  required  to 
raise  the  temperature  of  1  pound  of  water  l*  F. 

=°  Energy  supplied  by  water  power  is  calculated  on  the  basis  of  the 
annual  average  coal  consumption  per  kilowatt-hour  for  fuel-generated 
electric  power. 

ANNUAL  CONSUMPTION  OF  ENERGY  IN  THE 

UNITED  STATES 
COAL  ENERGY  VS.  TOTAL  RESOURCE  ENERGY. 
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been  shown  by  petroleum  and  natural  gas,  which  in- 
creased their  share  from  8  percent  in  1900  to  43  percent 
in  1937. 

The  coal  industry,  however,  is  not  on  the  way  to 
extinction.  Less  abundance  of  petroleum  and  natural 
gas  resources  than  of  coal  resources  will,  in  the  course 
of  time,  bring  about  a  recoverj'  of  the  coal  industry 
coupled  with  a  decline  of  oil  and  gas. 

The  Importance  of  the 
Coal-Mining  Industry 

A  consideration  of  coal  merely  as  a  source  of  energy 
is  madequate.  It  should  not  be  overlooked  that  coal 
mining  is  one  of  the  Nation's  leading  industries.  Any 
action  toward  it  will  affect  a  large  segment  of  economic 
life.  Coal-energy  policies  must  be  shaped  with  this 
fact  in  mind. 

The  importance  of  coal-mining  activity  in  the 
United  States  was  indicated  in  a  paper  on  coal  con- 
servation submitted  to  the  Third  World  Power  Con- 
ference by  George  S.  Eice,  A.  C.  Fieldner,  and  F.  G. 
Tryon.  "The  amiual  value  of  bituminous  coal  pro- 
duced in  the  five  largest  states  exceeds  the  entire  na- 
tional output  of  gold,  silver,  copper,  lead,  and  zinc, 
with  aluminum  thrown  in  for  good  measure.  Li  West 
Virginia  the  number  of  men  supported  by  the  mines 
far  exceeds  the  total  employed  in  manufacturing  in- 
dustry, and  in  Kentucky  it  is  not  far  behind.  In 
Pennsylvania  the  soft-coal  mines  employ  more  men 
than  does  the  steel  industry,  and  in  Illinois  they  em- 
ploy about  twice  the  number  engaged  in  meat  packing. 
Even  in  Ohio,  which  ranks  far  below  the  other  states 
mentioned  as  a  coal  producer,  the  bituminous  mines 
provide  employment  for  more  workers  than  do  all  the 
gold  and  silver  mines  of  the  country."  -^  It  may  be 
observed  also  tliat  the  value  at  the  mine  of  Pennsyl- 
vania anthracite  usually  far  exceeds  the  value  of  gold 
and  silver  produced  in  continental  United  States. 

The  magnitude  of  the  coal  tonnage  and  coal  energy 
produced  in  years  of  active  mining  has  been  shown  in 
a  comparison  made  by  the  famous  scientist,  Charles 
P.  Steinmetz.  If  the  coal  produced  in  one  year  in  the 
United  States  were  to  be  used  as  building  material, 
there  would  be  a  quantity  sufficient  to  build  a  wall  like 
the  Chinese  Wall,  one  of  the  great  wonders  of  the 
world,  all  around  the  United  States.  The  chemical 
energy  contained  in  that  quantity  of  coal  would  lift 
the  wall  200  miles,  or  more  than  one  million  feet, 
high." 

In  1929  the  average  number  of  men  employed  at 
operating   mines    (anthracite    and    bituminous)    was 


1915  1920 

FlGUKE   2. 


'^  "Conservation  of  Coal  Resources,"  Third  World  Power  Conterence,. 
1936,  sec.  IV,  Paper  No.  11.  Washington.  D.  C,  pp.  33-34. 
=  Quoted  in  Gilbert  and  Pogue,  op.  cit.,  p.  31. 
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654,494,  and  in  1937  it  was  585,500,  whereas  in  1923 
there  were  862,536  employed.-^  The  vahie  at  the  mine 
of  the  coal  produced  was  $1,338,000,000  in  1929,"  and 
about  $960,000,000  in  1937."  Investment  in  coal  min- 
ing runs  into  billions  of  dollars.  The  coal  industry-  is  a 
large  consumer  of  power  for  the  operation  of  its  mines 
and  collieries.  It  spends  millions  of  dollars  annually 
for  machinery,  equipment,  and  tools,  and  for  timber  to 
support  the  mine  roofs.-"  About  60  percent  of  the  mine 
dollar  is  spent  for  wages.  Coal  mining  is  the  sole  sup- 
port of  many  communities  and  a  heavy  contributor  in 
others.  Wliatever  happens  to  the  industry,  therefore, 
is  certain  to  affect  directly  the  welfare  of  many  people. 


"  Mineral  Resources  of  the  United  States,  ISSO,  pt.  II,  p.  G51 ; 
UinrraU  Yearbook,  1S38,  p.  G93.     The  1937  figure  is  preliminary. 

**  ilineral  Resources  of  the  United  States,  19S0,  pt.  II,  p.  614. 

"  According  to  calculations  of  the  National  Bituminous  Coal  Com- 
mission, the  value  of  bituminous  coal  and  lignite  was  $859,000,000  in 
1937.  This  figure  Includes  an  average  of  about  11  cents  per  ton  selling 
cxiiense  which  must  be  deducted  to  malje  the  value  figure  comparable 
with  that  of  1929.  The  value  of  anthracite  in  1937  ($197,599,000)  Is 
given  in  Minerals  Yearbook,  19SS,  p.  748. 

*>  In  1929  expei;Jitures  for  fuel  and  purchased  electrical  energy  were 
$52,000,000  and  for  supplies,  $150,000,000.  U.  S.  Bureau  of  Census, 
Mines  and  Quarries:  1929,  p.  254. 


The  Relationship  of  the  Coal-Mining 
Industry  to  Transportation 

It  is  often  mentioned  that  the  average  cost  of  trans- 
portation of  coal  is  as  large  as  the  average  cost  of 
mining.  Normally,  85  to  90  percent  of  the  bituminous 
coal  produced  is  loaded  at  mines  for  shipment  by  rail 
(fig.  3) ; "  some  of  this  coal  is  later  trans-shipped  by 
water.  The  remaining  10  to  15  percent  is  originally 
shii)ped  by  water,  by  truck,  or  by  wagon,  loaded  at  the 
mine  tipple  for  locomotive  fuel,  sold  locally  to  mine 
employees,  or  consumed  at  the  mine.  In  the  anthracite 
industry,  probably  an  even  greater  percentage  of  the 
total  is  shipped  by  rail.-'  In  good  years,  coal  consti- 
tutes 35  percent  of  the  total  railroad  freight  toimage, 
and  it  provides  23  percent  of  the  railroad  freight  rev- 
enue. No  otlier  commodity  or  class  of  commodities 
bulks  as  large  as  coal  from  the  standpoint  either  of  ton- 
nage or  of  revenue.    Total  railroad  freight  revenue  from 


"  See  Minerals  Yearbook,  193S,  p.  694. 

!"  Lack  of  data  for  "bootleg  mining"  in  the  anthracite  region  intro- 
duces uncertainty  regarding  the  exact  proportions. 


«IGMT  CF  COU*N  REPRESEWTS  TOTAL  PRODUCTION  (F  CML 

SUCK  PORTION  REPRESCHTS  SHIRCNTS  BY  RAIL,    ItCLUDINO  NO*f)£VENtC 
RAIWOAO  Fuel 

C»OSS-««TCI«0  PORTION  REPRESEKTS  SNIPMNTS  BY  HATER 

niflTE  PORTION  REPRESENTS  SALES  BY  TRUCK.  0T1€«  LOCAL  BUSIItSS, 
COLLIERY  FLCL,  ETC. 

FIQUBES  REPRESENT  MILLION  TONS  OF  TOTAL  reoOUCTION 

SLACK  OUTLIrCS  REPRESENT  PRINCIPAL  COAL-lilNING  COUNTIES 


riGLRE  3. — Production  of  Bituminous  Coal  in  Each  State  and  Proportion  Shipped   by   R.iil   and   by   Water,   1934. 

book,  19S6,  p.  556.) 


{Reproduced  from  Minerals   Year- 
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coal  for  Class  I  railroads  =«  amounted  to  $733,000,000  in 
1937.  To  this  figure  must  be  added  a  sizable,  but  in- 
determinate, amount  for  the  cost  of  hauling  coal  for 
use  by  railroads  themselves  (deadhead  coal)  and  for 
revenue  from  truck,  wagon,  river,  lake,  and  ocean 
transportation  of  coal,  as  well  as  a  sniall  amount  for 
transportation  by  Class  II  and  Class  III  railroads,  to 
arrive  at  the  total  transportation  bill  for  coal.  The 
total  mine  value  of  the  coal,  it  was  observed  earlier, 
was  about  $960,000,000  in  1937.  Forty-eight  percent 
of  the  railroad  operating  revenue  dollar  in  1937  was 
compensation  to  employees.^"  Owing  to  the  bulkiness 
of  coal,  perhaps  a  smaller  proportion  of  the  revenue 
from  coal  transportation  should  be  allocated  to  em- 
ployment on  coal  haulage.  As  a  generalization,  it  may 
be  said  that  the  mine  value  of  coal  and  the  total  cost 
of  coal  transportation  are  approximately  equal,  but 
labor  cost  is  probably  somewhat  larger  for  coal  mining 
than  for  coal  transportation. 

The  Importance  of  Coal- 
Marketing  Activity 

The  marketing  of  coal  is  so  commonly  associated 
with  that  of  other  products,  such  as  coke,  fuel  oil,  ice, 
and  building  materials,  that  the  Census  of  Bimness 
does  not  give  data  specifically  on  coal  distribution. 
The  classes  of  business  for  which  reports  are  presented, 
however,  throw  some  light  on  the  importance  of  coal 
as  an  item  of  trade  activity.  The  1935  Census  of 
Wholesale  DistHbution  lists  773  full-service  and  lim- 
ited-function coal  and  coke  wholesalers  with  net  sales 
of  $369,000,000;  coal  and  coke  sales  branches  (with  or 
without  stocks)  numbering  16  and  having  net  sales  of 
$20,000,000 ;  agents  and  brokers  of  coal  and  coke  oper- 
ating in  440  establishments  and  doing  a  net  sales  vol- 
ume of  $427,000,000.^'  Less  is  known  about  retailing 
of  coal  than  about  wholesaling.  In  the  Census  of  Re- 
tail DistriMUion,  no  single  item  given  is  even  approxi- 
mately indicative  of  the  volume  of  coal  business  at 
retail.  Probably  a  large  share  of  the  net  sales  of  $841,- 
000,000  by  35,176  fuel  and  ice  dealers  in  1935  consisted 
of  coal  sales.^^  To  that  amount,  however,  would  have 
to  be  added  coal  sales  by  lumber  dealers  and  other 
dealers  in  building  materials,  by  established  coal  deal- 


» Railroads  with  annual  operating  revenues  eacli  of  more  than 
$1,000,000  (during  the  year  in  which  the  classification  was  made). 
These  Class  I  railroads  in  1937  accounted  for  9S.57  percent  of  the 
total  railroad  freight  revenue  (line  haull  of  Class  I.  II,  and  III 
railroads. 

*"  Calculated  from  Association  of  American  Railroads,  Statistics  of 
Railuniin  of  Class  I,  United  States,  W-'C-lPjr,  Washington  D.  C,  Sep- 
tember 1938,  sheets  1  and  3. 

31  Census  of  Business:  19S5,  Wholesale  Distribution,  vol.  VIII,  Com- 
modity Sales,  pp.  17—18. 

^Data  from  Census  of  Business:  1935,  Retail  Distribution,  United 
States  Summary,  p.  15. 


ers,  by  "snowbirds'^  and  by  other  types  of  concerns. 
Altogether  more  than  30,000,000  tons  of  anthracite  and 
between  56,000,000  and  77.000,000  tons  of  bituminous 
coal  were  sold  to  domestic  (household)  consumers  in 
1936.'^ 

Some  information  reflecting  the  cost  of  coal  whole- 
saling and  retailing  was  gathered  by  the  United  States 
Coal  Commission  and  published  in  its  report  of  1925. 
The  average  gross  margin  at  wholesale  (the  difference 
between  the  cost  of  the  coal  to  the  dealer  and  his  selling 
price)  was  16  cents  per  ton  for  bituminous  coal  and 
23.3  cents  per  ton  for  anthracite  in  November  1921 
(data  for  1922  are  not  used  because  of  the  shortage  of 
supply  that  year)  .^^  The  margin  for  the  two  kinds  of 
coal  combined  increased  from  9.4  cents  in  1913  to  19 
cents  in  1921.  The  American  Wliolesale  Coal  Associa- 
tion advocated  a  gross  margin  of  8  percent  on  the  sell- 
ing price,  but  this  was  thought  by  the  Coal  Commission 
to  be  excessive.  In  view  of  the  severe  competition  in 
coal  wholesaling  since  1921,  a  smaller  percentage 
undoubtedly  has  applied. 

The  average  gross  margin  of  retailers  was  $2.51  in 
1921  for  anthracite  and  bituminous  coal  combined. 
This  figure  represents  a  considerable  increase  over  the 
margin  of  $1.89  recorded  for  1918.  Information  col- 
lected by  the  Commission  shows  that  the  margins  vary 
according  to  the  season.  They  are  larger  in  the  winter 
than  in  the  summer,  larger  for  prepared  sizes  of  coal 
than  for  run-of-mine  coal,  larger  in  populous  cities 
than  in  small  centers,  and  larger  for  anthracite  than  for 
bituminous  coal.  No  doubt  retail  margins,  like  whole- 
sale margins,  have  decreased  somewhat  since  1921, 
although  demand  for  better  preparation  and  handling 
has  tended  to  check  the  decline. 

In  the  marketing  of  coal,  the  relatively  large  volume 
distributed  by  direct  methods  is  a  characteristic  fea- 
ture. The  Cens-v^  of  Mines  and  Quarries  for  1929  indi- 
cates the  amount  of  coal  distributed  through  each  mar- 
keting channel.  For  the  bituminous  coal  industry.  60.1 
percent  of  the  tonnage  was  sold  directly  to  consumers 
by  main  offices  (including  retailers  invoiced  by  main 
offices)  or  branch  sales  offices  of  mining  companies.^® 
The  proportion  of  anthracite  sold  by  the  same  direct 
channels  was  63.6  percent.  There  were  also  direct  de- 
liveries by  "captive  mines."'  that  is,  mines  owned  by 
industrial  consumers,  in  large  part,  steel  companies. 
These  deliveries  accounted  for  21.3  percent  of  the  ton- 
nage of  bituminous  coal  marketed  in  1929,  but  for  Only 
1.0  percent  of  the  anthracite  marketings.     Only  18.2 


^  Concerns  that  undertake  to  sell  coal  temporarily  when  a  seasonal 
or  other  favorable  opportunity  arises. 

'^  Minerals   Yearbook.  19SS,  p.   758. 

^AU  data  on  margins  are  from  the  Report  of  the  United  States  Coal 
Commission,  pt.  II,  Washington,  D.  C  1925,  pp.  701-836. 

'"  Bureau  of  the  Census,  Mines  and  Quarries:  1929,  p.  271. 
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percent  of  the  bituminous  coal  and  35.1  percent  of  the 
antliracite  went  to  independent  wholesalers,  jobbers, 
and  nonaffiliated  agents.  A  minor  proportion,  of 
coui-se,  was  consumed  at  the  mines  for  power  and  heat. 


The  Nation's  Coal  Bill 

The  Nation's  coal  bill  may  be  assumed  to  include  all 
expenditures  for  coal  mining,  transportation,  and  dis- 
tribution; that  is,  all  items  from  the  initial  stage  of 
production  until  tlie  coal  is  transmitted  to  the  linal 
consumer.  It  excludes  expenses,  such  as  those  for  stor- 
age and  handling,  incurred  by  the  final  consumer  (these 
being  impossible  to  estimate)  and  expenses  for  con- 
version into  coke  or  other  fuels.  So  defined,  the  Na- 
tion's coal  bill  is  estimated  to  have  amounted  in  1929 
to  $2,950,000,000."  Somewhat  less  complete  data  for 
1936  indicate  an  expenditure  for  that  year  of  $2,380,- 
000,000. 

Expenditures  for  coal-mining  activity  in  1929  were 
$1,340,000,000,  or  45  percent  as  much  as  the  total  coal 
bill ;  freight  paid  to  Class  I  railroads  was  $1,100,000,- 
000,  or  37  percent.  Analogous  figures  for  1936  are 
$990,000,000,  or  42  percent,  for  mining;  $950,000,000.  or 
40  percent,  for  railroad  revenue  freight.  The  remain- 
ing proportions  of  the  total  bill  may  be  allocated  in  the 
main  to  other  marketing  work,  including  nonrevenue 
railroad  haulage,  water  transportation,  trucking,  and 
wagon  haulage.  A  word  of  caution,  however,  should 
be  interposed.     Mine  realization  and  freight  revenue 


^'  Co.il  from  captive  mines  and  coal  used  at  mines  for  power  and 
heat  involve  little  if  any  expense  for  marl^etinicr  other  than  transpor- 
tation. Wholesale  costs  of  selling  on  412  million  tons  of  bituminous 
coal  and  61  million  tons  of  antliracite  arc  estimated  at  $fifi.OOO,000. 
Retail  costs  of  selling  on  00  million  tons  of  bituminous  coal  and  54 
million  tons  of  anthracite  arc  estimated  at  ?.'i4G,000,000.  These 
wholesale  and  retail  items  include  some  e.Npenditure  for  transportation. 
A  residual  Item  of  $08,000,000  Is  included  in  tlie  total  coal  bill  to 
adjust  for  imports,  exports,  cliange  of  l\iiown  stocI<s,  and  to  allow  for 
miscellaneous  costs  such  as  those  for  handling  at  docks,  storage  at 
terminals,  and  transportation  not  elsewhere  classified.  There  were, 
for  example,  38  million  tons  shipped  on  the  Great  Lakes,  35  million 
tons,  excluding  ex|)orts.  shipiied  at  Atlantic  tidewater,  and  21  million 
tons  shipi)ed  on  rivers.  Trucking,  not  included  as  selling  cost  above, 
also  was  important. 

.\notVer  way  of  arriving'  at  an  estimate  of  the  total  coal  bill  is  by 
summation  of  exin^nditures  by  various  classes  of  coal  consumers. 
Outlays  for  coal  by  manufacturing  plants  in  1020  were  $720,100  000 
for  204  million  tons  of  bituminous  coal,  and  S4:i.500,000  for  10.400,000 
tons  of  I'ennsylvania  anthracite.  Railroads  spent  .$314,000,000  for 
131.100.000  tons  of  bituminous  coal,  and  $.'i„300.000  for  1,600.000  tons 
of  anthracite.  To  the  cost  of  coal  to  railroads  there  must  be  added 
an  allowance  for  costs  of  transporting  coal  consumed  by  the  originating 
line.  A  total  coal  bill  for  the  railroads  may  be  conservatively  esti- 
mated at  $363,000,000  for  bituminous  coal  and  $7,000,000  for  anthra- 
cite. Iiomestic  (household)  consumi)tion  of  bituminous  coal  of  about 
70  million  tons  multiplii.'d  by  $8..S5  per  ton,  the  average  price  in  38 
cities,  is  $610,.')00.000.  Shipments  of  domestic  sizes  (mostly  stove 
and  chestnut)  of  anthracite  totaled  40.100,000  tons.  Data  for  four 
cities  on  the  retail  price  of  anthracite  and  for  sales  realizations  on 
breaker  shipments  indicate  an  average  retail  price  in  1029  of  $14  per 
ton  as  a  reasonable  figure.  The  total  bill  for  household  sizes  of 
anthrucite  then  is  $64 .'i, 400,000 ;  some  of  this,  of  course,  was  for 
nonresidential  use.  Electric  power  plants  consumed  42,800,000  tons 
of  bituminous  coal  at  an  estimated  cost  of  $145,000,000,  and  2,200.000 
tons  of  anthracite  at  a  cost  of  roughly   $8,000,000.       Mine-mouth   use 
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are  closely  correlated  with  production,  whereas  the 
total  coal  bill  is  the  cost  of  coal  to  consumers.  In  1929, 
because  of  the  net  effect  of  foreign  trade  and  changes 
in  stocks,  output  and  shipment  of  coal  were  larger 
tlian  consumi)tion. 

The  Importance  of  Coal  to 
Consuming  Industries 

Modern  industry  cannot  operate  without  consump- 
tion of  large  quantities  of  energy.  The  gi'eat  nations 
of  the  world  today  are  those  that  make  wide  use  of 
energy  resources.  Probably  no  other  factor  accounts 
so  much  for  the  leading  position  of  the  United  States. 
It  is  almost  a  foregone  conclusion  that  a  decline  of 
energy  consumption  will  lead  to  economic  retrogres- 
sion, no  matter  how  favorable  other  factors  may  be. 

The  cost  of  a  unit  of  resource  energy  is  only  a  frac- 
tion as  much  as  that  of  human  energy.  The  outlay 
necessary  to  maintain  four  and  one-half  billion  extra 
persons  in  the  United  States,  a  number  that  might  be 
required  U^  replace  tlie  volume  of  resource  energy  now 
used,  would  be  unbelievably  large  even  at  a  bare  sub- 
sistence level.  At  a  yearly  wage  of  only  $200  per  cap- 
ita, for  example,  the  outlay  would  be  900  billion  dol- 
lars, or  almost  13  times  the  national  income  in  1937." 
Such  a  multitude  of  living  energy  servants  would  be 
impo.ssible  to  maintain,  and,  even  if  they  could  be  sup- 
ported, most  of  their  energy  would  be  diverted  to  pro- 
ducing   food,    clothing,   and    shelter    for    subsistence. 


(for  beehive  coke,  local  sales,  and  mine  fuel)  consumed  38  million  tons 
of  bituminous  coal.  At  the  average  mine  value,  this  coal  would  be 
valued  at  $07,000,000.  A  total  of  8,500,000  tons  of  anthracite  was 
used  at  the  mine,  and  most  of  this  was  for  steam-raising  purposes. 
On  the  basis  of  average  realization  ($2.28  per  net  ton)  for  steam  sizes, 
a  valuation  of  $10,400,000  is  obtained.  These  calculations  leave 
.■;3.7iio.000  tons  of  liituminous  eoal  consumed  in  the  United  States 
unaccounted  for.  No  very  reliable  estimate  of  the  valuation  per  ton 
of  this  coal  can  be  made,  but,  if  the  average  mine  value  and  the  aver- 
age railroad  freight  plus  some  allowance  for  selling  costs  and  other 
transportation  costs  be  taken  as  a  guide,  a  figure  of  $190,000,000  seems 
rca'oiinblp.  .V  total  bill  of  $2,105,200,000  for  bituminous  coal  is  ob- 
tained. The  tonnage  of  anthracite  listed  in  the  calculations  is  about 
equal  to  anthracite  production  in  Tennsylvania,  but  the  United 
States  b.ad  an  import  balance  of  2,000,000  tons  of  anthracite,  nearly 
all  of  it  used  as  a  high-grade  household  fuel.  This  tonnage  in- 
volves a  cost  of  |>erliaps  $40,600,000.  The  estimated  total  for  anthra- 
cite ia  $763,000,000.  and  for  anthracite  and  bituminous  coal  combined, 
$2.S69.100.(I00.  This  figure  is  $80,000,000  below  that  actually  used, 
but  there  are  numerous  miscellaneous  items  not  covered  in  the  enu- 
merated classes. 

In  all  these  estimates  it  should  be  observed  that  tlie  aim  is  to 
arrive  at  the  total  cost  to  consumers.  The  estimates  will  not  agree 
with  those  based  on  production,  because  of  exports,  imports,  and 
changes  in  stock.s.  The  available  data  omit,  in  most  instances,  coal 
obtained  from  the  small  truck  and  w.-igon  mines. 

For  sources  of  information,  see:  Census  of  Manufactures:  1929,  p. 
161  ;  Association  of  American  Railroads,  Statistics  of  Railways  of  C'lasi 
I,  MieSli,  sh^et  11  ;  Mineral  Resources  of  the  United  Btates,  1930,  pt.  II, 
especially  pp.  617,  675,  and  727-33;  J/iiwrafs  Yearbook,  1937,  p.  794; 
Minerals  Yearbook,  1938,  p.  697  ;  census  of  Central  Electric  Light  and 
Power  Stations,  I9in ;  Report  of  the  United  States  Coal  Commission, 
1»25,  pt.  II,  pp.  701-833 ;  census  of  Mines  and  Quarries:  1929,  pp. 
253-287. 

»*  See  Robert  R.  Nathan,  "National  Income  in  1937  Largest  Since 
1929,"  Survey  of  Current  Business,  June  1938,  pp.  12  and  13. 
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Only  a  small  proportion  of  our  energy  resources,  on  the 
other  hand,  are  consumed  in  making  the  energy  mate- 
rials available  for  use. 

The  Nation's  coal  bill  is  only  4  percent  of  the  national 
income,  even  though  coal  supplies  more  than  half  of 
the  total  resource  energy  consumed.  Although  re- 
source energy  is  the  foundation  of  our  industrial  econ- 
omy, the  cost  of  fuel  is  usually  a  small  proportion  of 
total  cost.  In  1929  expenditures  of  manufacturing  in- 
dustries for  fuel  and  purchased  power  were  only  13 
percent  of  their  total  expenses  for  salaries  and  wages, 
and  expenditures  for  coal  were  only  5  percent.  Kail- 
roads  are  leading  consumers  of  coal  and  oil,  yet  only 
9  percent  of  their  operating  expenses  in  1937  were  for 
fuel  and  only  7  percent  for  coal.  Electric  power  plants 
are  purveyors  of  energy,  but  fuel  outlays  constituted 
in  1932  not  more  than  20  percent  of  the  total  operating 
expenses    of    fuel-using    commercial    and    municipal 
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plants.  Among  ultimate  consumers,  fuel  (including 
light)  cost  is  normally  only  6  percent  of  the  total 
budget,  and  coal  cost  is  but  part  of  the  total  fuel  cost. 
These  figures  attest  the  great  advantage  inherent  in  the 
utilization  of  resource  energy. 

Energy  production,  of  course,  is  not  itself  the  ulti- 
mate goal  of  society,  but  it  is  a  means  of  providing 
desired  goods  and  services.  One  has  to  distinguish 
between  the  cost  of  obtaining  energy  and  the  cost  of 
obtaining  by  alternative  means  what  energy  can  pro- 
duce. Measured  by  the  first  standard,  thanks  in  large 
part  to  concentrated  mineral  deposits,  resource  energy 
is  not  the  most  conspicuous  item  in  the  budget.  Meas- 
ured by  the  second  standard,  however,  resource  energy 
is  the  main  pillar,  without  which  the  industrial  system 
would  collapse.  Obviously,  the  full  importance  of  the 
resource  energy  supply,  and  in  particular  of  the  lead- 
ing source,  coal,  can  never  be  measured  in  dollars  and 
cents. 


CHAPTER  2.— COAL  RESOURCES  AND  THEIR  RATE  OF  DEPLETION 


The  Problem  of  Estimating  Minable  Reserves 

The  Nation's  coal  reserves  are  extensive  but  highly 
variable  in  quality  and  accessibility  (fig.  4) .  Coal,  some 
of  it  low-rank  or  difficult  to  mine,  is  sufficiently  plentiful 
to  last  for  many  generations  if  reasonable  care  is  taken 
to  avoid  wastes  in  mining  and  utilization.  Thirty-one 
states  of  the  Union  are  endowed  with  reserves  classified 
by  the  United  States  Geological  Survey  as  minable 
reserves,  although,  in  1937,  four-fifths  of  the  produc- 
tion was  in  Pennsylvania,  Ohio,  West  Virginia,  Ken- 
tucky, and  Illinois.  Regional  concentration  of  re- 
serves exists  in  such  degree  that  distribution  of  coal 
to  the  market  is  a  serious  problem.  Total  transpor- 
tation costs  are  about  as  large  as  mining  costs.  This 
lack  of  uniform  occurrence,  as  well  as  differences  in 
wage  scales  and  in  effort  required  to  mine  the  coal, 
accounts  for  marked  variation  in  coal  prices  in  con- 
suming areas.  The  chief  practical  question  of  reserves 
is  whether  coal  is  obtainable  with  the  expenditure  of 
little  energy  or  whether  it  can  be  mined  and  delivered 
only  at  high  cost.  For  the  most  part,  the  Nation's 
best  coal  is  being  depleted  either  by  use  or  by  loss.  A 
growing  handicap,  tending  to  cancel  gains  resultiiig 
from  improvement  of  production  techniques,  is  the 
prospect  for  the  future,  as  the  process  of  depletion  of 
better  ranks  and  more  accessible  beds  of  coal  proceeds. 

Exhaustion  in  local  areas,  often  leaving  entire  com- 
munities stranded,  already  has  become  a  problem.  On 
the  other  hand,  there  is  no  prospect  for  the  near-term 
future  of  complete  depletion  of  the  aggregate  coal 
supply.    Therefore,  attention  is  focused  primarily  on 


what  exhaustion  of  the  principal  beds  means  in  terms 
of  the  growing  handicap  of  reduced  quality  and  in- 
creasing inaccessibility  of  coal. 

Every  estimate  of  the  life  expectancy  of  coal  reserves 
must  take  into  account,  as  one  branch  of  the  problem, 
the  quantity,  character,  and  occurrence  of  coal  de- 
posits, and,  as  the  other,  the  rate  of  use  and  loss. 

Natui'e  has  not  made  available  for  mining  all  the 
coal  originally  deposited.  Long  before  settlement  of 
the  continent  took  place,  billions  of  tons  of  coal  were 
lost  by  erosion.  Valleys  were  cut  through  coal-bearing 
strata,  and  the  coal  was  carried  away.  Erosion  is  said 
to  have  destroyed  95  percent  of  some  of  the  anthracite 
beds.^  Throughout  most  of  the  coal  regions  of  the 
country,  outcrops  of  coal  beds  may  be  seen  in  river  val- 
leys. These  outcrops  make  possible  the  low-cost  drift 
mining  (mining  by  tunneling  into  the  outcrop  at  the 
side  of  a  hill)  so  prevalent  today.  A  second  factor  in 
loss  of  coal  is  the  faulting,  folding,  and  pitching  of  the 
beds  in  some  areas,  making  it  unprofitable  to  under- 
take mining  operations.  Changes  of  this  character 
have  occurred,  for  example,  in  the  Peimsylvania  an- 
thracite region.  A  third  factor,  one  of  minor  impor- 
tance, is  deterioration  of  coal  by  weathering  of  exposed 
or  shallow  beds.  A  further  factor  is  the  occurrence  of 
coal  in  beds  too  thin  or  too  deep  to  be  mined  profitably 
even  at  high  prices.  The  quantity  of  coal  in  this  cate- 
gory is  enormous,  although  its  existence  has  no  prac- 
tical bearing  on  the  resources  problem. 


The   Story  of  Anthracite,  prepared   and  published   by   the   Hudson 
Coal  Co.,  1932,  p.  5. 
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The  processes  of  destruction  by  the  elements  are  cur- 
rently at  work.  Their  action,  nevertheless,  is  so  slow 
that  they  may  be  disregarded  in  considering  what  has 
happened  to  the  coal  reserves  since  the  beginning  of 
mining  and  what  is  in  prospect  for  their  future.  Far 
more  important  is  the  depletion  of  coal  reserves  by 
mining  activity. 

Reserves  Originally  Available 

Total  reserves  of  coal  in  the  United  States  in  minable 
beds  are  estimated  to  have  been  at  the  beginning  of 
mining  a  little  more  than  three  trillion  tons.  The 
latest  (1928)  figure  given  by  Marius  R.  Campbell,  of 
the  United  States  Geological  Survey,  is  3,214,898,600,- 
000  net  tons."  This  estimate  is  a  useful  summary  indi- 
cator of  the  magnitude  of  the  reserves,  although  it 
needs  to  be  interpreted  with  caution.  It  includes,  on 
a  tonnage  basis,  coals  ranging  from  the  highest  rank 
to  the  lowest  rank — anthracite  to  lignite.  Coals  with 
an  ash  content  up  to  30  percent  are  included,  even 


though  at  the  present  time  an  ash  content  half  as  great 
as  that  upper  percentage  sets  the  approximate  limit  for 
mining.  A  similar  qualification  applies  to  thickness 
and  depth  of  the  beds.  In  the  Campbell  estimate,  14 
inches  was  adopted  as  the  minimum  thickness  for  bitu- 
minous coals  and  anthracite,  two  feet  for  subbitumi- 
nous  coals,  and  three  feet  for  lignite.  In  practice,  not 
many  of  the  subbituminous  and  ligiiit«  deposits  run- 
ning to  twice  the  minimum  thickness  adopted  for  the 
estimate  are  being  mined  in  volume,  and  there  is  only 
a  small  tonnage  of  the  higher  rank  coals  taken  from 
beds  less  than  two  and  one-half  feet  thick.  There  is 
some  strip  mining  of  beds  14  to  22  inches  thick  in  Mis- 
souri, Kansas.  Arkansas,  and  Oklahoma,  and  some  min- 
ing, by  the  longwall  system,  of  beds  17  to  24  inches  thick 
in  Missouri,  Kansas,  and  Arkansas.^'  Nevertheless,  in 
Pennsylvania  and  West  Virginia,  which  account  for 
about  half  of  the  national  total  bituminous  coal  output, 
(he  bulk  of  the  production  is  concentrated  in  beds  of 


'  Campbell,  Cool  Re»ouroe»  of  the  United  States,  United  States  Geo- 
logical Survey   (a  6-page  multlgraphed  report). 


•  Cf,  Toenge."!,  Albert  !#.,  and  Anderson,  Robert  L.,  Some  Aspects  of 
Strip  iHiiing  at  Bituminous  Coal  in  Central  and  South  Central  States, 
V.  S.  Buroaii  of  Minos,  Information  Circular  6959,  October  1937;  also 
Coal  Mine  Mechanization  Yearbook,  1938  (The  American  Mining  Con- 
gress, Wasbiugton,  D.  C),  pp.   157-168. 


5>- RELATIVE  HEAT  VALUE  OF  COAL  RESERVES  OF  THE  UNITED  STATES,  JAN.  1,1937 

(PER  CENT  OFnMATIONAL  TOTAL  IN  EACH  STATE) 


ANTHRACITE  V 

NOTE:  ALL  COALS   ARE   ADJUSTED   TO  A  UNIFORM   B.T.U.  BASIS 


Prepared  in  office  of  the  National  Resources  Committee 


Figure  4. 
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four  feet  or  more  thickness.  The  estimate  of  resources 
iiickides  beds  as  much  as  3,000  feet  below  the  surface, 
whereas  coal  companies  in  this  country  seldom  mine 
beds  more  than  several  hundred  feet  down,  and  a  high 
percentage  of  the  mines  today  do  not  require  the  sink- 
ing of  vertical  shafts  to  i-each  the  coal,  less  expensive 
horizontal  or  sloping  "tunnels"  being  sufficient.* 
Topography,  of  course,  is  an  important  factor  in  deter- 
niining  where  coal  is  mined.  Some  foreign  countries 
with  small  coal  reserves  operate  coal  mines  at  depths 
of  more  than  3,500  feet.=  Under  the  pressure  of  neces- 
sity, deeper  beds  in  the  United  States  could  be  worked, 
but,  of  course,  at  extremely  high  cost.  It  is  estimated 
that  an  additional  604,000,000,000  tons  of  coal  lie  at 
a  depth  of  from  3,000  to  6.000  feet.«  This  amount 
added  to  the  reserves  at  shallower  depth  gives  a  total 
of  3,818,898,600,000  tons  at  the  outset  of  mining  in  beds 
of  workable  thickness.  Nevertheless,  owing  to  the  un- 
likelihood of  coal  mining  at  depths  of  3,000  feet  or 
more  for  manygenerations,  it  appears  advisable  to  re- 
vert to  the  previous  estimate  of  three  and  two-tenths 
trillion  tons  as  the  basic  figure  for  the  bounds  of  avail- 
able reserves.  This  figure  does  not  include  I'eserves  in 
any  of  the  United  States'  possessions.  Alaska  is  known 
to  have  extensive  reserves  ranging  in  rank  from  lignite 
to  anthracite.'  Coal  beds  exist  along  the  coast  as  well 
as  in  the  intei-ior  of  Alaska,  but  additional  prospecting 
work  will  have  to  be  done  before  the  tonnage  of  recov- 
erable coal  can  be  estimated.  Reserves  in  other  pos- 
sessions are  probably  negligible.  Conditions  on  the 
island  possessions  generally  have  been  unfavorable  to 
the  formation  of  coal.  Hawaii,  for  example,  although 
an  important  fueling  station  for  vessels,  has  no  native 
coal  resources,  the  bulk  of  the  coal  in  the  past  having 
been  supplied  by  Japan,  Australia,  and  Great  Brit- 
ain ' — an  indication  of  the  dearth  of  our  continental 
supply  along  the  Pacific  Coast  and  of  the  potential 
importance  of  the  Alaskan  deposits. 

How  Much  Coal  Remains? 

Part  of  the  Nation's  coal  reserves  has  been  consumed, 
lost  in  mining,  or  otherwise  made  unavailable  since 
coal  began  to  be  used  as  fuel.  Fortunately,  mining 
activity  has  made  only  slight  inroads  into  aggregate 
reserves,  even  though  it  has  eliminated  some  of  the 


'  In  Wpst  Virginia,  for  example,  slope  and  drift  mines  outnumber 
shaft  mines  by  more  than  10  to  1.  See  Annual  Report  of  the  Depart- 
ment of  Mines,  West  Virginia,  1936,  pp.  54-90. 

5  Campbell,  op.  cit. 

'  M.  R.  Campbell.  Coal  Fields  of  the  United  States,  United  States 
Geological  Survey  Professional  Paper  lOOA.  l'J22.  table  on  insert  sheet 
after  page  24. 

''Regional  Planning,  Part  Til,  Alaska — Its  Resources  and  Develop- 
ment. National  Resources  Committee.  December  1937,  p.  210. 

*  H.  M.  Hoar,  The  Coal  Industry  of  the  World,  United  States  Depart- 
ment of  Commerce,  Trade  Promotion  Series.  No.  105.  1930,  p.  240. 


most  valuable  deposits.  Only  about  1  percent  of  the 
available  tonnage  of  reserves  has  been  removed  or  lost 
since  mining  began.  This  change  in  coal  reserves  is 
shown  in  a  special  tabulation  prepared  by  T.  A.  Hen- 
dricks of  the  United  States  Geological  Survey.^  The 
calculated  reduction  of  reserves  attributable  to  produc- 
tion and  losses  in  mining,  handling,  and  preparation 
in  the  entire  period  of  mining  up  to  January  1,  1937, 
is  34,133,350,000  tons  for  all  ranks  of  coal  combined. 
For  purposes  of  this  estimate,  a  loss  of  34.7  percent  of 
reserves  mined  is  assumed,^"  this  percentage  having 
been  determined  in  a  study  by  the  United  States  Coal 
Commission  and  the  United  States  Bureau  of  Mines  of 
the  amount  and  nature  of  losses  in  mining  bituminous 
coal  during  1923  in  eastern  United  States."  This  per- 
centage, accepted  as  being  typical  of  the  industry  as  a 
whole,  indicates  that  about  one-half  ton  of  coal  is  lost 
for  each  ton  removed  in  mining.  Deducting  this  pro- 
portion for  depletion  from  the  initially  available  re- 
serves as  estimated  by  Campbell,  one  obtains  a  total 
reserve  remaining  at  the  beginning  of  1937  of  about 
3,180,765,250,000  net  tons.  Production  and  loss  since 
then  would  make  only  an  insignificant  relative  reduc- 
tion of  the  total.  The  current  reserve  supply  may  be 
designated  in  round  numbers  as  3,200  billion  tons. 
Insofar  as  one  may  profitably  use  a  summary  compila- 
tion in  considering  the  complex  problem  of  reserves, 
this  figure  will  serve  adequately  the  purpose  of  show- 
ing the  sheer  bulk  of  coal  in  minable  beds. 

All  the  3,200  billion  tons  in  minable  beds,  however, 
will  not  be  taken  from  the  ground  and  made  available 
for  consumption;  avoidable  and  unavoidable  losses  in 
mining,  handling,  and  preparation  of  the  coal  have  to 
be  deducted  to  arrive  at  the  total  reserve  of  consum- 
able coal.  With  present  rates  of  loss  in  mining  and 
distribution,  not  more  than  two  trillion  tons  of  the 
estimated  reserves  ever  will  be  put  to  productive  use. 
Full  recovery,  although  closely  approached  in  some 
strip  mines,  ordinarily  is  impossible  of  achievement 
even  under  the  best  practicable  mining  methods.  Bil- 
lions of  tons,  nevertheless,  can  be  added  to  the  consum- 
able supply  by  the  adoption  of  less  wasteful  methods 
of  exploitation. 

This  problem  of  waste  elimination  is  considered  at  a 
later  point.  For  the  present,  reserves  are  considered 
from  the  standpoint  of  the  actual  performance  record 
of  the  industrv. 


'  Pt.  two,  sec.  I,  ch.  1,  tills  volume. 

>°  Campbell,  in  earlier  estimates  of  available  resources,  applied  a  loss 
factor  of  30  percent  to  production.  A  higher  proportion,  such  as  that 
used  by  Hendricks,  appears  advisable.  In  the  early  days  of  the  coal 
industry,  wastes  were  much  larger  than  in  recent  years.  A  small  part 
of  tbe  coal  previously  discarded  may  be  retrieved.  In  fact,  this  is  now 
being  done  in  the  anthracite  region.  Second  mining  is  also  in  progress 
in  many  bituminous  coal  fields  close  to  centers  of  population.  Part  of 
the  coal  used  in  tbe  City  of  Pittsburgh  is  obtained  in  this  way. 

"  See  table  5,  in  ch.  4,  this  section. 
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Have  All  the  Resources  of 
Coal  Been  Discovered? 

Estimates  of  coal  reserves  would  have  limited  mean- 
ing were  there  large  undiscovered  tonnages  of  coal  in 
the  ground.  Additions  to  the  known  reserves  might 
signiticantly  affect  reasoning  with  regard  to  the  life  of 
the  coal  deposits.  Special  uncertainty  would  be  at- 
tached to  regions  at  present  assumed  to  be  devoid  of 
coal,  later  to  bo  added  to  the  list  of  regions  having  a 
native  supply.  Mucli  depends  on  the  nature  and  occur- 
rence of  deposits  in  determining  whether  an  area  can 
compete  as  a  fuel  producer  or  whetlier  costs  can  be 
reduced  enough  to  meet  the  present-day  requirement 
of  cheap  fuel.  Are  all  the  coal  fields  of  the  United 
States  known?  How  accurately  have  their  limits  been 
determined  ?  The  first  question  can  be  answered  in  the 
affirmative,  insofar  as  fields  of  commercial  interest  are 
concei-ned.  M.  R.  Campbell  states  that  there  are  some 
small  areas  about  which  little  information  is  avail- 
able.'=  Estimates  of  their  resources  are  little  more 
than  a  guess.  Owing  to  extensive  field  work  in  Fed- 
eral and  State  geological  surveys,  however,  most  of  the 
coal  fields  are  well  known.  The  occurrence  of  coal  is 
easy  to  detect  by  the  use  of  core  drillings.  In  many 
areas,  of  coui-se,  outcrops  give  an  obvious  clue.  The 
tendency  of  coal  deposits  to  spread  over  comparatively 
wide  expanses  assures  that  not  many  important  re- 
serves will  be  overlooked  entirely. 

The  question  of  accuracy  of  measurement  cannot  be 
answered  so  definitely.  To  estimate  the  tonnage  of  coal 
in  a  deposit,  it  is  necessary  to  know  both  the  specific 
gravity  and  the  cubic  content  of  the  deposit.  Recent 
determinations  of  the  specific  gravity  of  various  kinds 
of  coal  indicate  that  the  average  used  in  the  Campbell 
estimates  (81.25  pounds  per  cubic  foot)  was  too  low, 
tending  toward  an  understatement  of  the  reserves.  On 
the  other  hand,  the  measurements  of  cubic  contents  ap- 
pear to  exaggerate  the  real  extent  of  the  reserves.  More 
interest  centers  on  thick  beds  than  on  thin  beds,  and 
even  the  thicker  portions  of  a  given  bed  receive  more 
at  tent  ion  than  the  thinner  pcu'tions.  Areas  of  thin  beds 
are  likely  to  be  passed  over,  whereas  those  of  thick 
beds  will  be  measui-ed  with  care  and  the  measurements 
entered  on  the  records.  The  use  of  the  measured  por- 
tions as  a  basis  for  estimating  the  contents  of  an  entire 
coal  area,  of  course,  introduces  a  bias  into  the  calcula- 
tion. How  much  the  exaggeration  might  lie  has  not 
been  ascertained.  Recent  studies  "  indicate  that  the 
overstatement  may  be  considerable.  Between  1912  and 
1928  Campbell  reduced  his  own  estimate  somewhat,  as 
better  measurements  became  available. 


Comparison  with  Reserves 
in  Foreign  Countries 

The  problem  of  arriving  at  a  meaningful  and  uni- 
form basis  for  the  estimation  of  coal  reserves  has  been 
considered  in  the  discussion  of  coal  reserves  in  the 
United  States.  A  comparison  of  reserves  in  the  United 
States  with  foreign  reserves  encountei's  greater  ob- 
stacles because  of  the  difficulty  of  getting  agreement 
on  standards  of  measurement  and  on  invariable  appli- 
cation of  those  standards  to  all  possible  areas  of  coal 
occurrence.  Fortunately,  data  available  are  sufficiently 
dependable  to  indicate  the  approximate  proportions  of 
the  world's  coal  resources  in  the  United  States,  com- 
parisons among  the  commercially  developed  countries 
being  the  more  reliable. 

On  the  basis  of  the  best  information  available  at 
present,  it  appears  that  the  United  States  (Alaska  in- 
cluded) has  approximately  half  of  the  total  coal  re- 
serves of  the  world.  Subsequent  readjustments  of  the 
data  for  new  discoveries  in  undeveloped  regions  and 
for  reductions  of  resei-ves  by  mining,  wastage,  and  un- 
avoidable losses,  as  well  as  changes  necessitated  by 
more  accurate  measurement,  probably  will  reduce  some- 
what the  share  recorded  for  the  United  States.  In  1913 
the  Twelfth  International  Geological  Congress  con- 
ducted a  world-wide  survey  of  coal  reserves.  This  sur- 
vey remains  today  the  basic  source  for  comparable  data 
on  coal  reserves  in  the  various  regions  of  the  world, 
although,  of  course,  there  have  been  numerous  changes 
of  political  boundaries  and  important  resurveys  of  coal 
reserves,  with  various  standards  of  measurement.'* 
World  coal  reserves  were  estimated  at  8,154  billion  net 
tons.  World  production  of  coal  for  the  period  1913-37 
amounted  to  36  billion  net  tons.^'^  If  this  quantity,  to- 
gether with  allowance  for  coal  losses,  be  deducted  from 
the  1913  figure  on  reserves,  an  estimate  is  obtained  of 
about  8,100  billion  net  tons  for  reserves  at  the  begin- 
ning of  1938. 

Proportionate  shares  of  various  regions  in  the  world 
total  undoubtedly  have  not  been  disturbed  enough 
since  1913  to  make  any  appreciable  change  in  the  per- 
centage of  total  coal  recorded  for  those  regions.  The 
1913  study,  therefore,  is  indicative  of  the  current  dis- 
tribution of  reserves.  It  is  estimated  that  the  United 
States,  including  Alaska,  has  52  percent  of  the  world 
reserves;  North  America  has  69  percent  of  the  total, 
Europe  11  percent,  Asia  17  percent,  Oceania  2  percent, 
and  Africa  and  South  America  combined  07ily  1  per- 
cent.   D^ita  for  South  America  are  somewhat  incom- 


'-  Coal  Resources  of  the  United  States,  op.  cit. 

"  Referrcfl  to  by  George  S.  Rice.  A.  C.  Fielrtner.  and  F.  G.  Tryon, 
"Conservation  of  Coal  Resources."  Third  World  Power  Conference,  sec. 
IV,   Paper  No,   11,  Washington,  1936,  p.  3. 


"  It  should  be  observed  that  the  uniform  standards  adopted  in  the 
1913  survey  are  not  comparable  as  a  rule  with  those  adopted  for 
other  surveys.  Compari.^ons  sliould  not  be  made  witliout  thorough 
Investigation. 

'5  Compiled  from  various  issues  of  Mineral  Resources  of  the  United 
States.  1922-;'.l,  and  Minerals  Yearbook,  1932-38. 
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plete,  but  it  is  probably  true  that  not  more  than  5  per- 
cent of  the  reserves  are  in  the  Southern  Hemisphere. 
The  United  States  has  almost  5  times  as  much  coal  as 
Europe  and  3  times  as  much  as  Asia.  Our  northern 
neighbor,  Canada,  has  about  li/o  times  as  much  coal  as 
Europe  and  almost  as  much  as  all  Asia. 

Of  the  world  total  reserves,  only  about  7  percent 
is  anthracite  and  semianthracite,  about  53  percent  con- 
sists of  bituminous  coals,  and  the  remaining  40  percent 
is  low-rank  coals  classified  as  subbituminous  or  lignite. 
Coals  of  the  United  States  do  not,  on  the  average,  rank 
higher  in  quality  than  those  in  foreign  countries.  In 
fact,  the  supply  of  anthracite  in  this  country  is  de- 
cidedly limited,  being  less  than  4  percent  of  the  total 
for  the  world.  European  Russia  has  twice  as  much 
anthracite  and  semianthracite  as  has  the  United  States. 
Indo-China  has  a  slightly  larger  supply  than  ours,  ac- 
cording to  the  1913  survey ;  China  was  thought  to  have 
many  times  as  much,  but  the  figures  have  been  revised 
downward  drastically.  Recent  evidence  indicates  that 
the  reserves  of  anthracite  there  are  somewhat  more 
than  twice  as  large  as  those  in  the  United  States. ^^ 

The  United  States  has  a  relatively  abundant  reserve 
of  low-rank  coals.  Its  reserves  of  subbituminous  coals 
and  lignite  are  62  percent  of  the  world  resources  of  the 
same  rank  coals.  Of  the  higher  rank  bituminous  coals, 
which  now  supply  the  bulk  of  the  world's  solid  fuel 
requirements,  the  United  States  has  half  of  the  total. 
This  evidence  suggests  that  coals  in  this  country  are 
not  far  superior  in  quality  to  those  in  foreign  na- 
tions. They  appear,  on  the  contrary,  to  average  ap- 
proximately the  same,  although  the  difficulty  of  main- 
taining a  uniform  classification  among  all  countries 
makes  a  comparison  of  this  nature  uncertain.  The 
great  advantage  of  the  United  States  lies  in  the  volume 
and  accessibility  of  its  coal  reserves.  Even  if  only  ap- 
proximate accuracy  of  the  coal-reserve  data  be  assumed, 
one  may  state  with  confidence  that  given  a  per  capita 
consumption  of  coal  in  foreign  countries  approaching 
that  in  the  United  States,  exhaustion  will  be  felt  abroad 
long  before  it  is  felt  here.  The  United  States  is  un- 
doubtedly in  a  relatively  favorable  position  for 
continued  liberal  use  of  coal  energy. 

Prospects  are  not  bright  for  the  development  of  a 
large  export  market  for  American  coals  to  any  country 
except  Canada.  The  principal  reason  for  this  is  that 
the  bulk  of  the  domestic  reserves  lies  a  considerable 
distance  inland.  An  overland  haul,  coupled  with  re- 
loading on  vessels,  is  a  hurdle  that  American  mining 
companies  are  not  able  to  overcome  to  gain  access  to 


"  Recent  data  on  coal  reserves  o(  China  are  given  by  the  National 
Geological  Survey  of  China,  "Coal  and  Oil  Resources  of  China,"  Third 
World  Power  Conference,  Washington,  D.  C,  1936,  sec.  IV,  Papers  Nos. 
11  and  12. 


the  international  market  in  competition  with  mining 
companies  in  countries,  such  as  England,  Scotland, 
Belgium,  and  Australia,  that  draw  their  supplies  from 
reserves  close  to  the  seacoast.  European  mines  are 
likely  also  to  have  favorable  ocean  transportation  rates. 
Among  the  major  coal  fields  of  the  United  States, 
only  the  anthracite  reserves  in  Pennsylvania  are  near 
navigable  streams  leading  directly  to  the  ocean,  but 
even  the  anthracite  must  be  hauled  some  distance  by 
rail  to  reach  the  head  of  navigation.  The  bulk  of 
reserves  is  in  the  great  Mississippi  drainage  basin, 
either  on  streams  that  are  not  navigable  or  on  streams 
that  lead  to  cheap  ocean  transportation  only  by  long, 
circuitous  routes.  The  reserves,  being  in  the  interior, 
have  exerted  a  strong  pull  on  industry  to  draw  it  to 
this  section  of  the  country  rather  than  to  scatter  it 
along  the  periphery  or  to  encourage  industrial  develop- 
ment in  foreign  lands.  Coal  being  a  bulky  commodity, 
its  transportation  costs  are  a  decisive  element  in 
determining  what  areas  may  gain  access  to  the  reserves. 
Shipment  by  water  over  natural  waterways  or  de- 
veloped streams  is  a  relatively  cheap  means  of  trans- 
portation and  is  used  wherever  available.  The  Great 
Lakes  and  the  Ohio,  Kanawha,  Monongahela,  and 
Allegheny  Rivers  are  vital  connecting  links  between 
the  coal  fields  and  the  coal  markets.  In  the  past  these 
routes  have  directed  heavy  industries  into  the  inland 
manufacturing  belt.  The  focus  of  American  indus- 
trialism, therefore,  became  one  of  regional  concentra- 
tion and  comparative  self-sufficiency  instead  of  one  of 
exchange  of  coal  energy  resources  and  of  other  com- 
modities with  foreign  nations.  Great  Britain  typifies 
the  opposite  type  of  development. 

Water  transportation  of  coal  in  the  United  States  is 
used  mainly  in  conj miction  with  Appalachian  coal  and 
undoubtedly  accounts  in  no  small  measure  for  the 
growth  of  manufacturing  in  the  northeastern  states. 
On  the  other  hand,  billions  of  tons  of  reserves  lie  idle 
in  the  western  part  of  the  country  for  want  of  a 
market.  The  Appalachian  reserves  have  been  and 
continue  to  be  much  more  indispensable  to  our  economy 
than  the  reserves  in  the  West  (fig.  5). 

In  every  area,  the  significance  of  coal  reserves  to  in- 
dustry depends  on  the  commercial  possibilities  of 
bringing  together  coal  energy  and  other  resources.  In 
this  machine  age,  the  combination  of  coal  and  iron  is 
of  leading  importance.  The  United  States  has  been 
able  to  maintain  high  producti\'ity  and  a  high  standard 
of  living  because  of  this  favorable  opportunity  for 
utilization  of  coal  in  the  manufacture  of  producers' 
goods,  as  well  as  commodities  used  by  ultimate  con- 
sumers. In  every  region  the  significance  of  coal  re- 
serves depends  as  much  on  the  possibilities  of  convert- 
ing the  coal  to  use  as  on  the  tonnage  in  the  ground. 
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What  is  true  of  the  difference  in  usefuhiess  of  coa) 
between  eastern  United  States  and  the  western  part  is 
also  to  be  observed  in  comparing  actively  used  coal 
resources  in  this  country  with  untapped  coal  resources 
abroad. 

The  world  estimates  of  coal  resources  include  infor- 
mation on  almost  every  sizable  deposit  in  industrialized 
regions  where  coal  has  possibilities  of  extensive  utili- 
zation. A  comparison  of  coal  resources  in  the  United 
States  and  .abroad,  confined  to  these  industrialized 
regions  exclusively,  gives  our  reserves  a  more  favorable 
position  than  one  based  on  all  regions  of  occurrence. 
Outside  the  United  States,  two-thirds  of  the  tonnage 
of  coal  resei*ves,  according  to  the  1913  survey,  are  in 
Siberia,  China,  and  western  Canada.  These  areas  pro- 
duce little  coal  at  the  present  time,  and  they  cannot 
become  important  producers  without  revolutionary 
changes  in  the  location  of  industry.  Although  world 
estimates  of  coal  resources  may  be  enlarged  by  further 
discoveries,  additions  are  likely  to  be  made  only  for 
remote  and  sparsely  inhabited  areas,  such  as  the  polar 
regions,  the  tropics,  and  the  areas  isolated  by  moun- 
tain?.    Tlie  1913  data  on  coal  reserves  do  not  include 


estimates  for  Brazil,  Bolivia,  Ecuador,  Uruguay, 
Mexico,  Costa  Rica,  Panama,  Trinidad,  the  Dominican 
Republic,  Greenland,  and  Labrador,  even  though  these 
are  known  to  have  deposits,  some  of  them,  as  in  Brazil 
and  Mexico,  of  proved  commercial  value. 

Against  this  tendency  toward  expansion  of  the  esti- 
mates for  some  regions  where  coal  is  now  little  used, 
there  is  a  widespread  lowering  of  estimates  for  regions 
from  which  current  tonnages  are  being  drawn,  as  well 
as  for  many  undeveloped  regions.  The  calculations  of 
reserves  in  foreign  countries  have  been  subject  to  a 
bias  on  the  side  of  overstatement  similar  to  that  already 
described  for  the  United  States.  Coal  reserves  have  a 
way  of  exhibiting  their  favorable  features  at  the  out- 
set, and  it  is  only  after  careful  survey  that  their  limi- 
tations are  fully  appreciated.  Even  after  the  first 
World  Power  Conference,  held  in  London  in  1924,  it 
was  learned  by  geologists  interested  in  the  work  that 
tlie  original  estimates  were  far  too  large  and  that  dras- 
tic revisions  downward  would  have  to  be  made.i'    Esti- 


"  B.  F.  Haaiiel,  "Organization  of  Production,  Processing  and  Distri- 
bution of  Coal  and  Coal  Products  in  Canada,"  Third  World  Poicer 
Conference.  Washinston.  D.  C,  1936,  sec.  If,  Paper  No.  4,  p.  2. 
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mates  of  reserves  for  major  coal  areas  represent,  for  the 
most  part,  therefore,  liberal  representations  of  the 
quantity  of  minable  coal ;  and,  of  course,  the  matter  of 
minability  may  vary  from  region  to  region,  such  ques- 
tions as  rank,  purity,  pitch  of  beds,  character  of  over- 
burden, gaseousness  of  mines,  and  nearness  to  ready 
markets  having  to  be  considered  in  addition  to  depth 
and  thickness  of  beds.  Notwithstanding  these  qualifi- 
cations, the  available  figures  on  reserves  indicate  rea- 
sonably well  the  proportions  of  reserves  in  at  least  the 
countries  making  extensive  use  of  their  supplies.  In 
this  respect  the  United  States  and  Europe  afford  an 
informative  comparison.  The  United  States  in  1936 
produced  34.4  percent  of  the  world's  coal  energy  (lig- 
nite, wherever  produced,  being  converted  to  the  equiva- 
lent of  coal  energy  units)  }^  Four  European  countries. 
Great  Britain,  Germany,  Russia,  and  France,  produced 
an  additional  45.6  percent,  making  a  total  of  80.0  per- 
cent for  the  5  countries.  Altogether  the  United  States 
and  Europe  account  for  almost  90  percent  of  the  coal 
output  of  the  world.  Ordinarily  the  quantity  of  coal 
produced  in  Europe  runs  to  about  li^  times  the  amount 
produced  in  the  United  States.  Population  is  in  the 
ratio  of  about  4  to  1.  The  position  with  regard  to  coal 
reserves,  however,  is  very  much  different.  These  re- 
serves are  almost  5  to  1  in  favor  of  the  United  States, 
and,  on  a  per  capita  basis,  they  are  19  times  as  large 
in  the  United  States  as  in  Europe.  This  comparison  is 
reassuring  from  the  standpoint  of  the  United  States, 
although  it  indicates  little  of  significance  with  respect 
to  what  problems  of  utilization  will  have  to  be  faced 
by  the  coal  industry  in  this  country  long  before  the 
coal  is  gone,  problems  now  being  encountered  in  many 
of  the  European  coal  areas.  It  remains  true,  neverthe- 
less, that  the  total  tonnage  of  coal  reserves  in  the 
United  States  is  gigantic. 

Coal  Reserves  and  Other 
Energy  Sources 

The  coal  industry  in  the  United  States  has  been  on 
the  downgrade  in  recent  years.  Greater  dependence 
on  other  types  of  fuels  is  reducing  coal  consumption 
and  lengtliening  the  life  of  the  coal  reserves,  but 
this  downward  trend  does  not  portend  eventual  aban- 
donment of  coal  as  a  source  of  energy.  The  exhaustion 
of  substitute  mineral  fuels  is  expected  long  before  coal 
reserves  are  exhausted.  In  1937,  petroleum  and  nat- 
ural gas,  the  chief  rivals  of  coal,  supplied  43  percent 
of  the  total  mineral  fuel  energy  in  the  United  States,^' 
but  they  constituted  less  than  one-fourth  of  one  per- 


cent of  the  Nation's  fuel  reserve.^"  Wliereas  coal  re- 
serves amount  to  trillions  of  tons,  proven  reserves  of 
petroleum  and  natural  gas  can  supply  energy  equiva- 
lent to  only  a  few  billion  tons  of  coal.  Proven  reserves 
of  petroleum  are  estimated  at  151^  billion  barrels,  equal 
in  heat  value  to  about  31/2  billion  net  tons  of  bitumi- 
nous coal  of  average  rank;  and  proven  reserves  of 
natural  gas  are  believed  to  be  in  the  neighborhood  of 
66  trillion  cubic  feet,  with  a  heat  value  roughly  equiva- 
lent to  3  billion  tons  of  bituminous  coaV^  At  first 
glance,  these  figures  seem  large,  but  they  are  overshad- 
owed by  the  figures  on  coal  reserves,  which  total  more 
than  3,000  billion  tons.  It  must  be  recognized,  of 
course,  that  further  discoveries  of  petroleum  and  gas 
will  add  to  the  estimates  of  those  reserves  not  now 
counted.  On  the  other  hand,  estimates  of  coal  reserves 
probably  will  be  lowered  somewhat,  as  previously  ex- 
plained, when  more  accurate  measurements  become 
available.  At  the  most  these  revisions  hardly  will  alter 
the  essential  point  that  oil  and  gas  reserves  are  only 
a  fraction  of  the  magnitude  of  the  coal  reserves 
(table  1). 

Oil  shales  are  a  potential  source  of  energy,  although 
no  process  is  known  for  extracting  the  oil  at  costs  low 
enough  to  compete  in  present-day  domestic  markets. 
Reserves  of  oil  in  shales  are  placed  at  92  billion  bar- 
rels." In  terms  of  the  equivalent  of  bituminous  coal, 
a  total  of  about  21  billion  net  tons  is  indicated.  Tliis 
amount  is  more  than  three  times  as  large  as  the  coal 
equivalent  of  oil  and  gas.  but  it  remains  less  than  1 
percent  as  much  as  the  tonnage  of  coal  reserves. 

Table  1. — Reserves  of  mineral  fuels  and  their  importance  in 
terms  of  heat  value 


Proven  reserTes 

Estimated  heat 
value 

Fuel 

Trillions 

of 
B.  t.  u. 

Percent 

of  grand 

total 

Tons 

15,415,622,000 

1,407,808,291,000 

818,083,894,000 

939,457,443,000 

395,  657 
38,578,947 
15, 543,  694 
12,588,730 

0.0 

66.9 

22.9 

18.6 

Total  coal                -- 

3,180,765,250,000 

BarreU 
15,500,000,000 

Cubic  feet 
66,000,000,000,000 

Barrels 
92,000.000,000 

67, 106,  828 
97,650 
74,603 
579,600 

98.9 

Petroleum                                          . 

0.1 

0.1 

0.9 

All  fuels --- 

67,858,681 

100.0 

"  Report  of  the  International  Labour  OflScp,  Technical  Tripartite 
Meeting  on  the  Coal-Mining  Industry,  Geneva,  May  1938,  Part  1,  Eco- 
nomic Conditions,  p.  54. 

'^Minerals  Yearbook,  19SS,  p.   704. 


="  Rice,  Fieldner,  and  Tryon.  op.  cit.,  p.  5. 

"  For  estimates  of  the  reserves  of  petroleum  and  gas.  see  pt.  one, 
sec.  II,  eh.  2,  and  pt.  two.  sec.  I.  chs.  2  and  3,  this  volume. 

^  Dean  E.  Winchester,  "The  Oil  Possibilities  of  the  Oil  Shales  of  the 
United  States,"  Federal  Oil  Conservation  Board  Report  II,  January 
1928,  pp.  13-14,  quoted  in  Rice,  Fieldner.  and  Tryon,  op.  cit.,  p.  B. 
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The  United  States  has  some  resources  of  peat  which 
may  be  regarded  as  a  partial  substitute  for  coal,  al- 
thougli  tlie  main  use  for  this  resource  at  present  is 
agricultural.  Tlie  estimates  usually  given  for  peat  are 
those  of  Soper  and  Osborn,  who  estimate  the  i-eserves 
at  14  billion  net  tons  on  an  air-dried  basis.^'  It  is 
difficult  to  determine  how  mucli  coal  this  amount  of 
peat  could  displace  wlien  used  as  a  source  of  energy. 
Rice,  Fieldner,  and  Tryon  estimate  for  peat  the  equiv- 
alent of  less  than  eight  billion  net  tons  of  high-rank 
coal.=*  They  call  attention  to  the  destruction  of  agri- 
cultural lands  and  forests  that  would  occur  iu  digging 
the  peat.  Coal  mining  often  results  in  similar  de- 
struction, but  undoubtedly  on  a  smaller  scale. 

It  is  seen  tliat  coal,  an  irreplaceable  fuel  resource, 
looms  exceedingly  large  alongside  other  irreplaceable 
fuel  resources.  There  are,  however,  some  soui'ces  of 
energy  whicli  are,  oi-  may  be,  replenished  in  the  course 
of  time. 

According  to  a  study  by  the  United  States  Bureau  of 
Mines  of  the  energy  supply  in  1927,  water  power  ac- 
counted for  C.3  percent  of  the  total  in  the  United 
States,  wood  fuel  for  5.5  percent,  animals  for  2.5  per- 
cent, and  wind  mills  for  0.1  percent.-^  Although  the 
various  forms  of  energy  are  consumed,  to  a  large  ex- 
tent, for  noncomparable  uses  and  by  widely  dilfering 
methods  with  differing  efficiencies,  these  data  afford 
some  basis  for  showing  the  significance  of  coal  reserves 
froni  the  standpoint  of  present-day  rates  of  utilization. 
In  1927,  replaceable  sources  of  energy  provided  only 
one-sixth  as  mucli  energy  as  that  drawn  from  the  Na- 
tion's storehouse  of  mineral  fuels.  In  relation  to  all 
sources  combined,  bituminous  coal  provided  50.3  per- 
cent, anthracite  8.1  percent,  oil  21.4  percent  (20.1  per- 
cent native  and  1.3  percent  imported),  and  natural 
gas  5.8  percent. 

With  irreplaceable  fuels,  increased  use  means  a  re- 
duced period  of  service.  Coal  beds  are  great  con- 
centrations of  energy  materials;  there  are  practical 
advantages  in  utilizing  such  a  source  as  long  as  it  lasts. 
But  what  are  the  limitations  of  the  forms  of  energy 
that  may  be  renewed  '\  These  replaceable  energy  forms 
have  not  found  a  major  position  in  the  American 
energy  market.  Some  of  them  have  had  a  declining 
use.  Animal  power  might  be  increased  were  a  future 
need  to  arise.  The  rate  of  increase  would  be  limited 
at  the  extreme  by  the  rate  of  reproduction;  practically, 
of  course,  no  supply  of  energy  approaching  the  amount 
derived  from  coal  could  be  developed  without  severe 


==  E.  K.  Soper  and  C.  C.  Osborn.  The  Occurrence  and  Vies  of  Peat  in 
the  United  States,  V.  S.  Geological  Bulletin  728,  pp.  92-93.  .\lso 
Minerals  Yearbook,  19SS,  p.  809. 

"  md. 

^Mineral  Resources  of  the  United  States,  19Z7,  Part  II,  p.  405. 


Strain  on  agricultural  resources.  Furthermore,  animal 
power  is  being  outmoded  by  technological  progress. 
The  horse  cannot  replace  the  motor  iu  an  automobile, 
although  they  both  deliver  what  we  choose  to  call  horse- 
power. A  comparison  of  the  1927  study  with  an 
analogous  study  for  1923,  also  by  the  Bureau  of  Mines, 
indicates  that  animal  power  is  declining  as  a  percent- 
age of  total  energy. 

Another  replaceable  source  of  energy  is  represented 
by  synthetic  fuels  derived  from  agricultural  products. 
This  source  is  often  considered  to  constitute  a  limitless 
fuel  reserve  and  to  offer  a  means  of  solving  the  prob- 
lem of  agricultural  surpluses.  These  synthetic  fuels, 
up  to  the  present  time,  have  not  succeeded  in  pene- 
trating the  market  for  high-grade  fuels,  not  to  men- 
tion the  wide  market  for  low-cost  heating  and  gener- 
ation of  power.  Alcohols  produced  fi'om  vegetation, 
especially  rapidly  growing  plants,  may  some  day  be- 
come important,  but  current  indications  are  that  they 
would  displace  oil  and  gas  more  than  coal.  In  fact, 
the  processes  of  distillation  for  the  production  of  liq- 
uid hj'drocarbons  may  work  better  when  applied  to 
coal  than  to  bulkier  agricultural  products.  It  must 
be  recognized  that  carbon  universally  found  in  plant 
life  is  the  basic  element  in  fuels.  Coal  contains  in 
concentrated  form  the  carbon  accumulated  by  plants, 
and  its  use  eliminates  the  necessity  of  doing  the  con- 
centration artificially.  Furthermore,  one  must  visual- 
ize the  appalling  drain  on  land  resources  and  the  peril 
to  the  Nation's  food  supply  were  the  attempt  made 
by  agriculture  to  meet  the  ravenous  requirements  for 
power.  In  years  of  active  business,  the  Nation's  an- 
nual tonnage  of  coal  "crop"  is  about  20  times  as  large 
as  that  of  the  wheat  crop  and  about  7  times  as  large  as 
that  of  the  corn  crop;  besides,  coal  is,  without  con- 
version, a  more  concentrated  and  a  more  convenient 
source  of  power.-'  Increase  of  a  major  agricultural 
crop  20-fold,  or  even  7-fold,  is  no  doubt  impossible 
irre.s])ective  of  the  serious  effects  of  such  increase  on 
the  soil.  Agricultural  waste  products  likewise  would 
be  an  inadequate  source. 

AVood  is  a  fuel  resource  more  widely  utilized  for 
power  under  present  conditions  in  the  United  States 
than  either  animals  or  farm  crops,  although  it  is  less 
easily  rejilaced.  The  data  for  1927,  cited  previously, 
indicate  that,  in  use  for  power,  wood  was  more  than 
twice  as  important  as  animals.  Synthetic;  fuels,  of 
course,  were  used  in  negligible  quantities.  Wood  was 
about  two-thirds  as  important  as  anthracite  and  one- 
ninth  as  important  as  bituminous  coal.  Before  the  day 
of  mineral  fuels,  wood,  wind,  and  water  were  the  sole 
sources  of  power,  excluding  muscular  power,  but  these 


"  Cf.  p.  Burke  Jacobs.  "Motor  Fuels  from  Agricultural  Products,"  pt. 
two,  sec.  III.  ch.  3,  tbis  volume.  Also.  Use  of  Alcuhol  from  Farm  Prod- 
ucts in  Motor  Fuel,  S.  Doc.  No.  .IT,   73d  Cong.,   1st  sees..  May   1,  1933. 
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sources  have  lost  their  standing.     Wood  is  probably 
losing  ground  in  actual  quantity. 

Much  of  the  wood  fuel  produced  at  present  is  a  by- 
product of  the  lumbering  industry  and  would  not  be 
used  were  a  surplus  not  available.  In  the  Douglas  fir 
region  of  Washington  State,  a  region  west  of  the  Cas- 
cade Mountains,  sawmill  waste  equivalent  to  3,200,000 
tons  of  coal  is  burned,  but  only  about  three-fourths  is 
consumed  to  develop  energy,  the  remainder  being  de- 
stroyed in  waste  burners  for  want  of  a  market.-'  De- 
spite this  surplus,  fuel  oil  is  used  to  supplement  "hog- 
ged" fuel  (wood  waste)  in  specific  instances  where  a 
considerable  portion  of  the  waste  is  utilized  in  pulp- 
ing operations.  This  readiness  to  substitute  oil  for 
wood  waste  produced  locally  in  abundance  reflects  the 
limited  possibilities  of  wood  utilization  in  competition 
with  mineral  fuel.  Although  coal  is  considered  a 
bulky  commodity,  wood  is  far  more  cumbersome  to 
handle  than  coal.  It  takes  about  200  cubic  feet  of 
hogged  fuel  for  the  heat  equivalent  of  three-fourths 
of  a  ton  of  coal  of  only  9,500  B.  t.  u.  per  pound,^^  or 
400  cubic  feet  to  equal  1  ton  of  high-grade  coal  (about 
14,000  B.  t.  u.  per  pound).  A  cubic  foot  of  solid  coal 
weighs  at  least  8I14  pounds,^^  and  a  net  ton  requires 
about  25  cubic  feet,  or  only  one-sixteenth  the  space  re- 
quired for  wood.  Loose  coal,  of  course,  occupies  more 
space  than  solid  coal  but  certainly  only  a  fraction  of 
that  required  for  wood.  The  greater  difficulty  of  trans- 
porting and  utilizing  wood  is  clearly  suggested,  and,  in 
fact,  the  market  is  extremely  localized  in  contrast  with 
that  for  coal. 

Should  this  obstacle  of  bulkiness  be  overcome  by 
conversion  of  wood  to  a  concentrated  fuel,  there  would 
remain  the  problem  of  obtaining  an  adequate  supply. 
Obviously  the  waste  product  of  the  lumbering  indus- 
try is  insufficient  to  meet  any  extensive  demand;  a 
Mood-fuel  industry  operating  independently  and  at 
higher  cost  would  have  to  be  developed.  The  possibility 
of  any  marked  expansion,  moreover,  appears  to  be  be- 
yond consideration  because,  with  the  present  rapid  rates 
of  timber  destruction  and  slow  rates  of  restoration,  in- 
creased utilization  would  result  in  further  unbalance. 
The  traditional  symbol  of  individualism,  the  farm 
wood  lot,  is  on  the  decline,  and  an  increasing  number 
of  farmers  are  resorting  to  coal  or  oil.  Under  the  most 
favorable  circumstances,  reforestation  may  not  meet 
more  than  the  nonfuel  demand  for  wood. 

Wind  power  at  present  probably  does  not  supply 
more  than  one  unit  of  energy  out  of  a  thousand.    It 


is  highly  important,  however,  in  the  great  plains  re- 
gion, and  has  been  a  major  factor  in  the  settlement  of 
that  region,  particularly  in  the  grazing  areas  where 
water  had  to  be  pumped  for  livestock.  The  amount  of 
unharnessed  wind  power  is  almost  boundless.  Perhaps 
increased  use  would  be  profitable,  but  the  major  de- 
mand today  is  for  precision  power,  and  wind  is  far  too 
undependable  to  provide  that  type  of  energy. 

Among  the  replenishable  sources  of  energy,  water 
power  from  streams  has  gained  prominence.  In  re- 
gions of  steep  stream  gradients  and  heavy  rainfall,  it 
is  usually  a  leading  source.  The  limits  of  water  power 
availability  are  known,  although  points  of  view  vary 
widely  with  respect  to  what  may  be  used  profitably.^" 
The  United  States  Geological  Survey  estimates  poten- 
tial water  power  available  90  percent  of  the  time  at 
42,753,000  horsepower.'^  This  capacity,  if  fully  used, 
would  generate  power  equal  to  that  obtainable  from 
204,000,000  net  tons  of  coal  '^  on  the  basis  of  the  aver- 
age central  steam-electric  station  performance  in  1937 
(1.42  pounds  of  coal  per  kilowatt-hour) .'' 

F.  G.  Tryon,  in  testimony  delivered  in  the  Carter 
Coal  case  before  the  United  States  Supreme  Court, 
stated  that,  in  his  opinion,  water  power  could  never 
supply  more  than  a  minor  fraction  of  the  energy  re- 
quirements of  the  country.'*  If  every  drop  of  water 
falling  as  rain  in  the  United  States  could  be  trans- 
formed into  power  at  the  existing  gradients,  the  supply 
of  energy  would  not  equal  that  derived  in  good  years 
from  coal.  This  estimate  was  made  by  the  eminent 
scientist,  Charles  P.  Steinmetz.''  Similar  calculations 
presented  at  the  Third  International  Conference  on 
Bituminous  Coal  afford  confirmation  of  the  limitations 
of  water  power :  the  entire  run-off  of  water,  if  it  could 
be  put  to  work,  would  yield  annually  the  energy  equiv- 
alent of  437,000,000  tons  of  coal.'"    Actual  production 


"  p.  Hetherton,  Energy  Resources,  State  of  Washington,  Washington 
State  Planning  Council,  Olympia,  revised  typewritten  copy,  October 
1938.  p.  5. 

=*7bid.,  appendix  No.   4,  p.  2. 

=»  See  T.  A.  Hendriclss,  pt.  two,  sec.  I,  ch.  1,  this  volume.  Also, 
refer  to  S.  B.  Flagg,  Weights  of  Various  Coals,  U.  S.  Bureau  of  Mines, 
Technical  Paper  184   (1918). 


=»  A  discussion  of  potential  water  power  is  presented  by  J.  P.  Watson, 
pt.  one,  sec.  Ill,  this  volume. 

^^  Potential  Water  Power  in  the  United  States  (mimeographed),  Au- 
gust 20,  1936,  p.  3.  Computed  from  the  gross  head  with  allowance 
for  future  storage  at  feasible  reservoir  sites  and  assuming  70-percent 
efficiency  in  water  utilization. 

» Cf.  Rice,  Fieldner,  and  Tryon.  op.  cit.,  p.  2,  footnote  2.  A  coal 
equivalent  of  183,000.000  net  tons  is  estimated  using  a  potential  capacity 
figure  of  80,000,000  horsepower  and  a  48-percent  capacity  use  factor. 
The  higher  equivalent,  of  204,000.000  net  tons,  quoted  above,  assumes 
100-percent  utilization  of  a  capacity  sufficient  to  use  the  stream  flow 
available  90  percent  of  the  time. 

»  It  should  be  observed  that  the  figure  on  central  station  coal  eon- 
sumption  is  somewhat  low  for  the  purpose  of  this  comparison  because 
(1)  it  does  not  include  coal  consumed  in  transporting  coal  to  the  power 
plant,  (2)  it  is  greatly  affected  by  the  high  efficiency  of  mammoth  steam 
plants  in  the  northeast,  and  (3)  performance  is  based  to  a  considerable 
extent  on  the  consumption  of  Appalachian  coal  not  duplicated  in  quality 
in  most  other  areas.  The  figure  is  a  national  average,  not  an  average 
of  performance  in  areas  of  available  water  power. 

^  October  Term,   1935,  No.  636,   Transcript  of  Record,  vol.   1,  p.   288. 

35  Ibid. 

s"  George  A.  Oirok,  "The  Economics  of  Water  Power  vs.  Steam  Power," 
Proceedings,  Third  International  Conference  on  Bituminous  Coal  (Car- 
negie Institute  of  Technology,  Pittsburgh,  Pa.),  1931,  vol.  1,  pp.  254  and 
258. 
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of  anthracite  and  bituminous  coal  combined  was  609,- 
000,000  tons  in  1929  and  494,000,000  tons  in  1937.  These 
comparisons,  of  course,  do  not  indicate  the  extent  to 
which  development  of  available  water  power  is  a  feasi- 
ble undertaking.  They  do  show,  however,  that  power 
in  streams,  although  replenished,  cannot  yield  more 
than  a  fraction  of  the  energy  derived  from  coal.  Power 
actually  produced  from  falling  water  in  1937  was 
equivalent  in  energy  value  to  only  6I/2  percent  of  the 
coal  mined  that  year.^'  Potential  water  power  is  about 
21  percent  developed. ^^  At  the  1937  rate  of  utilization 
of  capacity,  maximum  output  of  potential  water  power 
would  have  been  the  equivalent  of  31  percent  of  the 
coal  tonnage  used  that  year.  This  percentage  is  prob- 
ably a  reasonably  good  indication  of  the  limits  of  water 
power  use,  considering  the  current  characteristics  of  the 
power  load. 

The  replenishable  sources  of  energy,  falling  water, 
wood,  wind,  work  animals,  and  synthetic  fuels  from 
crops,  do  not  have  unlimited  possibilities  of  expansion. 
Years  of  scientific  investigation  thus  far  have  failed 
to  discover  means  for  giving  these  "substitutes"  for 
coal  a  major  position  in  the  nuirket  for  energy.  Their 
period  of  use,  however,  may  be  extended  indefinitely. 
The  possibility  that  any  one  of  them  will  assume  a 
major  sluirc  of  the  burden  carried  by  irreplaceable 
fuel  seems  remote,  although,  as  a  group,  they  may 
grow  in  importance  as  the  cost  of  producing  mineral 
fuels  rises.  Demand  for  power  is  not  indiscriminate; 
instead  it  is  a  selective  demand,  its  character  depend- 
ing on  a  comparatively  delicate  adjustment  of  fuel 
source  to  type  of  use.  If  these  replenishable  forms 
of  energy  cut  into  the  market  for  coal,  it  undoubtedly 
will  be  because  of  improved  adaptation  to  precision 
uses.  Conversion  of  vegetation  to  a  liquid  or  gaseous 
fuel  and  regulation  of  stream  flow  better  to  meet  con- 
sumption requirements  are  the  most  promising  leads. 
Progress  along  these  lines  may  outdistance  that  in  the 
utilization  of  coal,  but  such  a  development  appears 
improbable.  The  safest  assumption  is  that  the  most 
economical  energy  of  the  future  will  be  derived  from 
mineral  deposits.  Shorter  life  for  oil  and  natural  gas 
than  for  coal  eventually  will  throw  the  main  burden 
of  the  demand  for  mineral  fuel  on  coal  reserves. 

Quality  of  Coal  Reserves 

There  are  great  differences  among  coals.  Every  bed 
of  coal  has  peculiar  characteristics.  This  fact  is  fully 
appreciated  in  the  coal  industry,  but  it  is  too  fre- 
quently overlooked  by  those  on  the  outside.    The  term 


"good  coal"  may  have  a  variety  of  meanings,  in  view 
of  the  variety  of  purposes  for  which  the  coal  is  to  be 
used.  Coal  may  rank  high  or  low  in  fixed  carbon  con- 
tent, high  or  low  in  volatile  matter;  it  may  contain 
large  amounts  of  moisture  or  be  almost  moisture  free. 
These  factors  are  the  principal  ones  determining  the 
rank  of  the  coal.  There  are  other  characteristics  more 
or  less  related  to  the  ones  mentioned  determining  qual- 
ity or  grade.  Friability,  luirdness,  ash  content,  sul- 
phur content,  tendencj'  toward  caking  when  burned, 
fusibility  of  ash,  ease  of  ignition,  smokiness  of  flame, 
structure,  degree  of  freedom  from  clay  and  other  for- 
eign matter,  specific  gravity,  resistance  to  oxidation 
when  exposed  to  the  atmosphere,  and  heat  value  are 
factors  affecting  quality.  Beds  of  coal  show  differ- 
ences in  thickness,  depth,  width,  pitch,  laminations 
and  partings  in  the  coal,  nature  of  adjacent  strata  (the 
roof  and  floor  of  the  bed  having  especially  to  be  con- 
sidered), number  of  beds  in  an  area,  distance  between 
successive  beds,  gaseousness  of  workings,  amount  of 
water,  ease  of  drainage,  extent  of  faulting  and  folding, 
accessibility  of  the  bed  for  removal  of  coal,  and  loca- 
tion with  reference  to  markets. 

Obviously,  no  simple  classification  of  coals  can  be 
satisfactory  for  every  purpose.  Certain  factors,  never- 
theless, assume  a  foremost  position  in  a  majority  of 
uses.    Coals  may  be  classified  as  follows : '' 

1.  Meta-anthracite. 

2.  Anthracite. 

3.  Semianthracite. 

4.  Low-volatile  bituminous. 

5.  Medium-volatile  bituminous. 

6.  High-volatile  A  bituminous. 

7.  High-volatile  B  bituminous. 

8.  High-volatile  C  bituminous. 

9.  Subbituminous  A. 

10.  Subbituminous  B. 

11.  Subbituminous  C. 

12.  Lignite. 

13.  Brown  coal.'"' 

To  provide  a  much  more  extensive  classification  of 
organic  materials,  the  list  might  be  headed  by  dia- 
monds, which  are  carbon  in  jiurest  possible  fonn,  and 
followed  by  graphite,  which  is  almost  pure  carbon.  At 
the  other  extreme,  the  list  might  be  extended  to  include 
peat,  wood,  and  other  vegetable  matter,  and,  finally, 
living  plants.  The  list  thus  amplified  is  directly  cor- 
related, going  from  bottom  to  top,  with  the  evolu- 


"  B.ised  on  data  In  Minerals  Yearbook,  1938,  p.  703. 

»"  United  States  Goological  Survey.  Total  Capaeity  of  Water  Wheels 
at  Water-Power  Plants  in  the  United  States,  January  1,  1937  (mimeo- 
graphed). 

129960 — 39 5 


3'  "Standard  Specifications  for  Classifications  of  Coals  by  RanlJ," 
A.  S.  T.  31.  Standards  on  Coal  and  Coke  (American  Society  for  Testing 
Materials,  1938).  pp.  104-111. 

*•  Brown  coal  sometimes  Is  considered  to  be  any  coal  with  a  brownish 
appearance.  In  this  classiflcation  the  distinction  is  that  lignite  Is 
consolidated,  whereas  brown  coal  is  unconsolidated. 
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tionary  development  of  coal,  beginning  with  the  cap- 
turing of  carbon  from  the  atmosphere  by  the  proto- 
plasm of  plants  and  leading  to  its  gradual  condensa- 
tion into  valuable  deposits.  The  energy  in  coal  goes 
back  for  its  origin  to  the  time  when  the  green  chloro- 
phyl  in  plants  put  sunlight  to  work  gathering  the  rare 
carbon  atoms  from  the  air.  Coal  deposits  are  there- 
fore inimitable  warehouses  of  "solidified  sunlight." 

Dr.  Kobert  A.  Millikan,  who  has  made  outstanding 
studies  of  atomic  energy,  says  that  all  the  energy  used 
by  man  is  obtained  from  the  sun,  and  he  ventures  the 
guess  that  a  billion  years  hence  all  energy  needs  for 
light,  warmth,  and  power  will  come  from  the  sun;  en- 
ergy derived  from  the  disintegration  of  radioactive  or 
other  atoms  has  no  commercial  future.*^  That  a  rela- 
tively direct  utilization  of  sunlight  by  photoelectric 
cells,  direct  capture  of  heat  from  the  sun,  use  of  tem- 
perature differences  in  water  or  the  substrata,  or  manu- 
facture of  synthetic  hydrocarbons  by  direct  application 
of  sunlight  or  from  rapidly  growing  vegetation  ever 
will  be  able  to  compete  with  coal  as  long  as  available 
reserves  remain  in  the  ground  is  open  to  doubt.  In 
fact  lack  of  coal  resources  in  the  higher  stages  of  de- 
velopment is  a  handicap  in  many  areas.  Reserves  of 
lignite  are  not  now  mined  extensively  because  higher 
rank  coal  is  more  economical  and  desirable.  Fuels 
ranking  below  lignite  may  be  expected  to  offer  even 
greater  obstacles,  although  the  fact  that  their  utiliza- 
tion requires  an  entirely  different  technique  introduces 
considerable  uncertainty;  one  must  compare  costs  of 
mining  mineral  fuels  with  costs  of  more  direct  appro- 
priation of  the  cruder  forms  of  energy. 

Actual  inventories  of  coal  reserves  do  not  provide  a 
classification  as  detailed  as  that  shown  above.  Wide 
variations  in  rank  sometimes  occur  in  small  areas,  as  in 
the  States  of  Colorado  and  Washington,  and  it  is  im- 
practicable to  attempt  to  account  for  all  the  differences 
found.  The  major  differences,  however,  have  been  re- 
corded. Reserves  available  as  of  January  1,  1937,  have 
been  classified  into  anthracite  (of  all  kinds),  bitumi- 
nous coal  (including  low-volatile  and  medium-volatile 
coal),  subbituminous  coal  and  lignite.''-  Most  of  the 
coal  mined  at  the  present  time  is  either  anthracite  or 
bituminous  coal,  but  undoubtedly  a  larger  quantity  of 
anthracite  would  be  mined  if  reserves  were  more  widely 
distributed  and  as  easily  mined  as  those  of  bituminous 
coal.  The  tonnage  of  high-rank  coal  in  the  ground  is 
decidedly  limited.  Anthracite  constitutes  only  about 
one-half  of  1  percent  of  the  total  tonnage  of  coal  re- 
serves.'*^ Bituminous  coal  constitutes  a  little  more 
than  two-fifths  of  the  total  reserves,  and  the  remainder 


is  the  much  less  desirable  subbituminous  coal  and  lig- 
nite. Furthermore,  29.5  percent  of  the  anthracite  had 
been  mined  or  lost  up  to  January  1,  1937,  whereas  only 
1.9  percent  of  the  bituminous  coal  was  gone.  The  ton- 
nage of  subbituminous  coal  and  lignite  mined  or  lost 
was  almost  an  imperceptible  percentage  of  the  total, 
being  less  than  one-tenth  of  1  percent."*  In  the  esti- 
mates prepared  by  M.  R.  Campbell  of  reserves  at  the 
end  of  1928,  somewhat  further  detail  on  this  tendency 
is  given.  Campbell  gave  a  separate  listing  for  semi- 
bituminous  coal  (now  called  low-  or  medium-volatile 
bituminous  coal),  which  ranks  between  semianthracite 
and  high- volatile  bitiuninous  coal.  The  estimates  show 
that  semibituminous  coal  has  been  going  at  a  more 
rapid  rate  than  coals  of  lower  rank,  although  not  as 
rapidly  as  anthracite.  Up  to  the  end  of  1928,  2.6  per- 
cent of  the  semibituminous  coal  had  been  mined  or 
lost."^  Wliat  is  happening  is  that  we  are  starting  at 
the  high  ranks  of  coal  and  working  down.  This 
method  leaves  for  the  future  a  succession  of  increas- 
ingly difficult  problems  to  solve. 

In  terms  of  heat  value,  reserves  of  higher  rank  coals 
make  a  better  showing  than  in  terms  of  tonnage.    An- 

Table  2. — Coal  reserves  of  tfie  United  States,  hy  States,  Jan.  1, 
19S7  (hitummous  coal  equivalent  in  thousands  of  net  tons) 


State 

Anthracite 

Bituminous 

Subbitu- 
minous 

Lignite 

Total 

A 1  Ah  Am  A 

66,627,383 

9,973 

1,293,088 

24,169 

212,617,050 

916,  295 

598,054 

197,794,658 

51,  973,  927 

28.  692,  767 

29,  653, 642 
121,  546, 161 

7, 677, 918 
1,933,607 

83,681,170 
2,  609,  060 

18, 810,  479 
66, 135 

66, 627, 383 

Arizona      -    -_ 

791, 413 

801,386 
1,  643,  54! 

A  rlrftr>.t;fl.<; 

206,438 

44,019 

California 

10,941 
72,148,249 

35, 110 
284, 850, 031 

Colorado 

84,732 

Georgia 

916,  295 

Idaho  .  

69,294 

667,  348 

197,  794,  668 

Tnrliflnsv 

51,973,927 

28,  692,  767 

Kansas  _. 

29, 653, 642 

121,  546, 161 

Maryland-- 

7, 677,  918 

1, 933, 607 

Missouri  .    

83,681,170 

43,680,341 
1,  291, 698 

164,297,864 

200, 487, 265 

New  Mexico  ^ 

61 

20, 102, 138 

66, 135 

North  Dakota- 

293, 433, 359 

293,  433, 369 

Ohio 

91,960,301 

54, 755, 863 

59,924 

103,  300,  820 

91,  960, 301 

Oklahoma 

54,  755,  853 

344,040 

403,964 

13,  524, 449 

116, 825,  269 

498,700 

498,700 

Tennessee.    . 

25,289,831 
7,984,076 
87,976,203 
20,  6)6,  678 
11.250,150 
147,  748, 138 
30,310,881 

25,  289,  831 

Texas 

11,214,450 

19, 198,  526 

Utah 

3,672,680 

91,  548, 883 

Virginia 

453,  281 
21,321 

21,  099, 859 

Washington 

West  Virginia 

36,345,477 

_ 

245 

47,  617, 193 
147, 748, 138 

409,105,334 

439,  416,  215 

Total 

14,  290,  282 

1,407,808,291 

867,259,367 

459,488,637 

2,448,846,577 

1  Science,  September  28,  1928,  vol.  68,  No.   1761,   p.  279. 
ence  in  Rice.  Fieldner.  and  Tryon,  op.  cit.,  p.  2,  footnote  3. 
*2  Hendriclis,  loc.  oit. 
"  /bid. 


See  refer- 


Source  :  Pt.  two,  sec.  I,  ch.  1,  this  volume. 


"  md. 

"  Campbell,  loc.  cit. 
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thracite  reserves  are  estimated  to  have  an  average  heat 
value  of  12,700  B.  t.  u.  per  pound,  bituminous  coal  re- 
serves 13,700  B.  t.  u.,  subbituminous  coal  reserves  9,500 
B.  t.  u.,  and  lignite  reserves  only  6,700  B.  t.  u."  Hence, 
a  pound  of  bituminous  coal  has,  on  the  average,  more 
than  twice  as  much  heat  value  as  a  ton  of  lignite. 
Bituminous  coal  and  anthracite  reserves  combined  have 
about  four-fifths  of  the  total  heat  value  (table  2). 
When  low-rank  coals  are  mined,  a  larger  tonnage  will 
have  to  be  taken  to  meet  a  fixed  heat  requirement. 
Rates  of  exhaustion  will  tlien  be  accelerated,  and,  if  the 
cost  of  mining  and  marketing  per  ton  remains  un- 
changed, the  cost  per  heat  unit  will  increase.  Heat 
from  lignite,  for  example,  will  cost  more  than  double 
that  now  obtained  from  bituminous  coal  under  the  as- 
sumption of  fixed  cost  per  ton. 

Tlie  proportion  of  fixed  carbon  obtained  from  vari- 
ous rank  coals  likewise  varies.  In  general,  the  per- 
centage of  fixed  carbon  increases  with  the  rank  of  the 
raw  coal.  There  is  some  exception  to  the  rule  when 
adjustment  is  not  made  for  ash  and  moisture  content 


of  coal.  Meta-anthracite,  for  example,  commonly  has 
less  fixed  carbon  than  anthracite  in  the  raw  state,  that 
is,  not  on  an  ash-free,  dry  basis.  Owing  to  the  fact 
that  low-rank  coals  contain  smaller  amounts  of  fi.xed 
carbon  *'  combined  with  greater  amounts  of  moisture 
and  volatile  matter,  depletion  of  the  high-rank  coals 
means  depletion  of  the  carbon  supply  in  a  proportion 
larger  than  that  reflected  by  coal  tonnage  mined  or  lost. 
Industries  using  carbon  from  coal  may  be  affected  se- 
riously by  diminution  of  the  carbon  supply,  when 
higli-raiik  coal,  such  as  that  suitable  for  metallurgical 
coke,  becomes  less  readily  available. 

Location  of  Reserves 

The  geographic  distribution  of  coal  consumption 
shows  little  relation  to  the  distribution  of  coal  reserves. 
Fourteen  Northeastern  States  consumed,  in  1929,  about 
71  percent  of  the  total  coal  used,  excluding  railroad  and 
vessel  fuel.*'    The  proportion  had  increased  from  67 


«•  Hendricks,  toe.  cit. 


"  On  an  ash-free  basis. 

"  Wilbcrt  G.  Fritz  and  Tlicodore  A.  Veenstra,  Regional  HMfts  in  the 
Bituminous  Coal  Industry,  University  of  Plttsburgli,  Burt'uu  of  Busi- 
ness Research  Monograplis,  No.  4    (1935),  p.  109. 


(i)NEW  ENGL6ND  STATES      {2)iLLIN0IS    8    INDIANA 

(3)0REG0N,  IDAHO,  CALIFORNIA   AND  NEVADA    ABE    GROUPED,  ,        , 

DISTRIBUTION    OF   CONSUMPTION    IS   AN    APPROXIMATION    BASED    P  RlT^C  I  PA  L  LT   ON    RECEIPTS   OF  COAL  OTHER  THAN   RAlLROAD.AtiD  VESSEL  FUEL. 
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percent  in  1917.  These  States,  on  the  other  hand,  have 
only  15  percent  of  the  coal  reserves  of  the  Nation.  It 
is  true  in  a  general  way  that  the  coal  reserves  are 
widely  distributed.  Thirty-one  States  contain  signifi- 
cant amounts  of  coal.  The  coal-reserve  maj),  never- 
theless, is  spotty  when  coal  of  specified  ranks  is  consid- 
ered (table  2).  Eastern  Pennsylvania  has  95  percent  of 
the  anthracite;  Wyoming  has  72  percent  of  the  sub- 
bituminous  coal;  North  Dakota  has  64  percent,  and 
Montana,  34  percent  of  the  lignite.*"  The  bulk  of  the 
higli-quality  coking  coal  occurs  in  the  Appalachian 
Province.  The  so-called  smokeless  coals  of  southern 
West  Virginia  are  not  widely  duplicated.  Six  East- 
ern States,  Pennsylvania,  West  Virginia,  Illinois,  Ken- 
tucky, Ohio,  and  Indiana,  produced  85  percent  of  the 
Nation's  coal  in  1937,  but  these  States  have  only  23 
percent  of  the  reserves  (in  terms  of  tonnage).  At  the 
other  extreme,  seven  Western  States,  Colorado,  Mis- 
souri, Montana,  North  Dakota,  Utah,  Washington,  and 
Wyoming,  have  68  percent  of  the  tonnage  reserve  but 
produced  in  1937  only  6  percent  of  the  coal.  Utiliza- 
tion of  coal  reserves  is  thus  badly  distributed  geo- 


graphically. When  the  reserve  supply  begins  to  dis- 
appear, it  will  do  so  at  the  most  vulnerable  jDoints. 
The  pattern  of  industrial  location,  having  a  direct  de- 
pendence on  low-cost  coal,  may  have  to  be  reshaped  as 
soon  as  the  pinch  of  exhaustion,  or  even  partial  deple- 
tion, is  felt.  Extensive  transportation  of  coal  makes 
the  delivered  price  prohibitive  for  the  bulk  of  uses. 
Industry,  therefore,  cannot  reach  out  to  distant  points 
and  draw  in  what  it  needs  as  it  does  with  rare  metals. 
A  good  example  of  the  heavy  expense  of  transporting 
coal  a  long  distance  to  major  eastern  consuming  centere 
is  presented  by  Rice,  Fieldner,  and  Tryon.'^"  With 
freight  rates  assumed  to  be  at  the  low  level  of  one-half 
cent  per  ton-mile,  Trinidad,  Colo.,  coal  (suitable 
for  coking)  would  cost  $7.85  per  ton  in  Chicago,  $9.20 
in  Detroit,  and  $10.10  in  Pittsburgh  at  1934  mine 
prices.  In  contrast,  much  better  coking  coal  from  the 
Appalachian  fields  was  obtainable  at  a  cost  of  only 
$4.48  per  ton  in  Chicago,  $3.90  in  Detroit,  and  $2.51  in 
Pittsburgh.  Coals  from  the  Far  West  would  be  still 
more  expensive  and  lower  in  quality  than  those  from 
Trinidad,  Colo.     One  may  well  contemplate  the  in- 


*'  Hendricks,  loc.  cit. 


5»  Op.  cit.,  p.  8. 
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crease  in  the  cost  of  steel  produced  witli  the  costly 
western  coals  or  tlie  migration  of  industry  which  that 
increase  in  cost  would  necessitate.  A  shift  of  indus- 
try, of  course,  would  leave  whole  areas  stranded,  and 
would  result  in  enormous  loss  of  investment  (cf.  figs.  6 
and  7). 

It  is  not  necessai*y,  however,  to  assume  a  shift  from 
coal  fields  east  of  the  Mississippi  River  to  those  west- 
ward to  indicate  tiie  advei-se  effect  of  coal  exhaustion. 
On  the  average,  coal  travels  but  short  distances.  In 
1932  the  average  length  of  haul  by  rail  was  only  188 
miles,  according  to  studies  made  by  the  Section  of 
Transportation,  Federal  Coordinator  of  Transporta- 
tion. The  average  freight  per  ton-mile  was  65  one- 
hundredths  of  1  cent.  Haulage  of  a  ton  3  miles  added, 
on  the  average,  about  2  cents  per  ton  to  the  cost  of  the 
coal."  In  1936  the  average  mine  price  of  bituminous 
coal  was  $1.77  per  ton,  and  the  average  railroad  freight 
payment  was  $2.25  per  ton.  (Some  coal,  of  course,  is 
shipped  by  water  or  by  truck  or  wagon  and  some  is 
consumed  at  the  mine.)  Moi-e  than  half  the  average 
delivered  cost  of  coal  shipped  by  rail  as  revenue 
freight,  therefore,  consisted  of  the  freight  charge. 
This  heavy  expenditure  for  transportation  is  incurred 
despite  a  tendency  to  work  fields  most  favorably  lo- 
cated with  regard  to  consuming  markets.  In  many 
areas  the  addition  of  only  a  few  miles  to  the  haul  places 
a  producer  at  a  disadvantage.  The  effect  of  exhaus- 
tion in  fields  near  the  consuming  markets  is  an  inci-ease 
of  the  cost  of  transportation  and,  unless  mining  costs 
are  reduced,  an  increase  also  of  the  delivered  price  of 
the  coal. 

Mining  of  the  Best  Beds 

Coal-mining  companies  seeking  to  make  profits  nat- 
urally will  avail  themselves  of  the  most  favorable  op- 
portunities for  mining.  The  struggle  for  existence 
forces  the  companies  to  focus  their  operations  on  the 
beds  most  amenable  to  mining,  and  the  remaining  beds 
are,  in  the  main,  treated  as  submarginal. 

Mining  today  may  be  classified  into  four  types  based 
on  the  method  for  gaining  access  to  the  beds.  These 
methods  are  (1)  strip,  (2)  drift,  (3)  slope,  and  (4) 
shaft  mining.  A  limited  proportion  of  the  coal  is  so 
near  the  sui'face  that  the  overburden  of  rock  and  dirt 


"  Kxa<t  mileage  rates,  of  course,  are  not  charged.  There  are  marked 
differences  in  freight  rates  among  hauls  of  about  the  same  distance  and 
among  producing  fields.  Kates  are  usually  higher  per  ton-mile  for  short 
hauls  than  for  long  hauls.  The  rate,  for  example,  from  the  Belleville, 
Illinois,  district  to  St.  Louis,  a  distance  of  15  miles,  averaged  70  mills 
Iier  ton-mile,  whereas  that  from  the  Pocahontas  district  in  southeastern 
West  Virginia  to  Chicago,  a  distance  of  5S2  miles,  averaged  only  5.31 
mills  per  ton-mile.  These  rates  do  not  take  into  account  emergency 
adjustments.  W.  H.  Young,  "Truck  Movement  of  Coal  from  Mines," 
Proceedings,  Third  Pennsylvania  Mineral  Industries  Conference  (Coal 
Section),  Pennsylvania  State  College  Bulletin  15,  November  193.3,  p.  0. 


may  be  removed  with  power  shovels,  leaving  the  coal 
exposed  for  loading  into  cars.  Tiiis  strip  mining  may 
be  carried  on  with  heavy  machinery  and  usually  costs 
less  than  mining  at  considerable  depths  underground. 
The  Colstrip  operation  in  the  Rosebud  field  of  Mon- 
tana is  stripping  a  bed  of  subbituiiiiiioiis  coal  24  feet 
thick  under  a  cover  of  only  20  to  50  feet."  In  1935 
tlii.s  pit  produced  1,142,000  tons  of  coal."  The  61  men 
employed  during  the  year  produced  an  average  of  68.9 
tons  per  man  per  day,  against  an  average  for  all  strip 
mines  in  bituminous  coal  fields  of  11.2  tons.  This  is 
probably  the  clieapest  energy,  measured  in  terms  of 
human  labor,  produced  at  any  coal  mine  in  North 
America."^'  Cubic  yards  of  overburden  per  ton  of  coal 
reaches  18.5  in  one  mine,  and  coal  lying  at  depths  up 
to  60  feet  from  the  surface  (in  isolated  cases  85  feet  for 
short  distances)  has  been  stripped. ^^ 

Among  underground  mines,  those  near  the  surface 
predominate.  The  favorite  underground  method  today 
is  to  tunnel  into  the  side  of  a  hill  at  the  outcrop  of  the 
coal,  following  the  contour  of  the  coal  bed  as  the  min- 
ing progresses.  By  this  method — drift  mining — no 
tunnels  need  be  burrowed  into  the  rock  for  the  purpose 
of  reaching  the  coal ;  the  entries,  or  gangways,  may  be 
developed  M'ith  the  active  mining  of  the  coal.  In  Penn- 
sylvania in  1930,  72.5  percent  of  the  bituminous  coal 
mines  were  drift  mines;  14.5  percent  were  slope  mines, 
that  is,  mines  having  tunnels  sloping  into  the  coal  bed 
at  grades  low  enough  to  permit  mine  cars  to  be  pulled 
over  tracks;  11.3  percent  were  shaft  mines;  and  1.7 
percent  were  combination  shaft  and  slope,  or  drift  and 
slope  mines.^"  Other  data  on  type  of  opening  are  pre- 
sented in  table  3. 

According  to  a  1926  study,  the  average  depth  of  shaft 
mines  in  the  United  States  was  only  262  feet,  but  more 
than  64  percent  of  the  coal  was  removed  in  drift  or 
slope  mines.''  An  increase  in  the  depth  of  mining  not 
only  magnifies  problems  of  ingress  and  egress  but  also 
adds  to  the  difficulty  of  ventilation,  support  of  over- 
burden, and  drainage  of  water.  A  large  percentage  of 
mines  now  operated  are  above  stream-bed  level,  so  that 
water  may  be  pumped  out  easily.  Moreover,  with 
beds  above  the  drainage  level,  less  water  is  likely 
to  get  into  the  mine.  The  anthracite  region  gives  an 
excellent  illustration  of  the  problem  of  handling  water 
in    relatively    deep    workings.     Thirty-three   tons    of 


'^  O.  E.  Kiessling,  F.  G.  Tryon.  and  L.  Maun,  The  Economics  of  Strip 
Coal  Mining,  V.  S.  Bureau  of  Mines,  Economic  Paper  11   (1931),  p.  20. 

'^Minerals  Yeariook,  10S7,  p.  829. 

"  Kiessling,  Tryon,  and  Mann,  op.  cit.,  p.  21. 

'"Toenges  and  .\nderson,  op.  cit.,  pp.  80-81. 

"  ComputAl  from  data  in  Commonwealth  of  Pennsylvania.  Department 
of  Mines,  Report  192S-S0,  pt.  II.  "Bituminous,"  pp.  100-695. 

'"  study  of  F.  G.  Tryon  and  Margaret  II.  Schoenfeld,  "Comparl.son  of 
Physical  Conditions  in  British  and  American  Coal  Mines,"  Coal  and  Coal 
Trade  Journal,  September  1  and  8,  October  7,  and  November  4,  1926. 
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Table  3. — Thickness  of  beds  and  percentage  distribution  of 
mines  by  type  of  opening,  bituminous  coal  mines  in  specified 
States  '■ 
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Average 
thickness 
of  beds  > 
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Percentage  distribution 
of  mines  by  type  of 
opening 
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Q 
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Alabama: 

Warrior  Field 

Other' 

1917 
1917 

1917 

1937 
1937 

1937 

11916 

ll936 

1915 

ll936 

1926 
1926 

1926 

'1936 
1936 

235 

48 

17, 246, 279 
3, 167,  632 

45.2 
65.9 

55.3 
61.7 

3.83 

29.36 
89.58 

63.40 
10.42 

3.41 

Total  Alabama- 
Warrior  Field 

Other  •  . 

283 

146 
44 

20,413,811 

10,456,178 
1.987,867 

47.0 

40.3 
48.9 

56.3 

55.4 
69.6 

3.18 

8.77 
6.88 

39.58 

49.12 
94.12 

54.42 
36.84 

2.82 
8.27 

Total  Alabama  •. 
Colorado.. 

190 

216 
317 
164 
73 

630 
180 

12,444,045 

10,  519, 175 
6,  791, 003 

14,723,413 
8,  562.  890 

47.  296, 167 
16,307,936 

42.3 

80.3 
72.3 
60.3 
59.7 

48.2 
59.2 

57.6 

84.8 
86.4 
64.4 
66.9 

53.7 
61.9 

8.11 

22.71 
15.24 
86.59 
95.89 

.38 
44.45 

69.46 

41.06 
78.81 
7.32 
4.11 

1.31 
28.89 

28.38 

36.23 
5.95 
5.49 

98.31 
23.33 

4.05 

TndiHTi* .  _ 

.60 

Kentucky: 

Eastern 

w 

3  33 

Total  Kentucky. 

710 

225 
69 

63,  604. 103 

39,006,147 
7,861,608 

51.0 

45.9 
58.1 

55.8 

50.8 
58.4 

11.50 
44.07 

8.27 

4.00 
33.90 

79.38 

96.00 
22.03 

.85 

Western  .. 

Total  Kentucky. 
Ohio 

1936 

[1927 
[1937 
(1917 
1 1937 

284 

471 
121 

1,786 
1.126 

46,867,755 

'  279, 123 

'  149,  330 

170.960,467 

109,  647,  937 

48.5 

58.3 
58.0 
56.4 
62.8 

52.1 

61.0 
60.9 
65.6 
64.8 

9.16 

14.78 
19.01 
10.16 
11.42 

10.21 

19.27 
19.83 
12.80 
12.58 

80.63 

68.67 
55.37 
76.98 
75.47 

7.28 

5.79 
.06 

.53 

'  Compiled  by  D.  C.  Ashmead,  National  Research  Project,  Works  Progress 
Administration.  With  the  exception  of  Ohio,  all  data  were  taken  from  the  published 
State  mine  reports.  In  the  case  of  Ohio,  production  figures  by  mines  were  not  avail- 
able, and  daily  capacity  figures,  as  given  in  the  Keystone  Coal  Buyers  Manual, 
were  used. 

'  The  total  production  figures  here  used  may  vary  somewhat  from  the  reported 
totals,  due  to  the  fact  that  it  was  not  always  possible  to  determine  the  tonnages 
belonging  to  certain  beds,  and  vice  versa,  and  in  some  cases  the  thickness  of  beds 
being  omitted,  the  tonnage  was  also  omitted. 

•  Computation  of  averages  was  as  follows: 


Simple  average  thickness— 


Z(bed  thickness). 
No.  of  beds 


weighted  HTcraro    ^  fb^d  thicknessXproduction) 
weigntea  average-  2  (production) 

'  Blount  Mountain,  Coosa  and  Cahaba  Basins. 

•  Of  the  190  mines  hsted  in  1937,  only  74  reported  type  of  opening,  and  the  per- 
centages have  been  computed  on  that  basis.  The  remaining  mines  were  largely  wagon 
mines,  and  the  type  of  opening  was,  in  all  probability,  mostly  drift. 

•  No  strip  mines  were  included  in  the  1936  report.    Only  one  was  listed  in  1915. 
'  Railroad  mines  only;  wagon  and  truck  mines  not  included. 

8  Daily  capacity.  Since  production  figures  by  mines  were  not  available,  daily 
capacity  was  used  as  the  weighting  factor. 

'  Data  on  production  by  mines  for  1937  matched  with  data  on  thickness  of  beds  for 
1936,  since  the  two  sets  of  data  were  not  readily  available  for  the  same  year. 

water  are  pumped  for  each  ton  of   anthracite  pro- 
duced.''   The  expense  of  pumping  water  is  by  itself  a 


"  "Output  Per  Man  in  the  Preparation  and  Underground  Mining  of 
Anthracite,"  National  Research  Project,  Works  Progress  Administration  ; 
study  being  made  by  D.  C.  Ashmead  and  W.  F.  Whiting,  unpublished 
at  the  time  of  this  writing.  See  also,  D.  C.  Ashmead,  "Water  Pumped 
from  the  Mines  of  the  Anthracite  Region  of  Northeastern  Pennsylva 
nia,"  Transactions,  American  Geophysical  Union,  Eighteenth  Annual 
Meeting,  19S7,  pp.  498-504. 


considerable  item  in  deep  mining.  The  amount  of 
water  pumped  at  a  group  of  73  identical  anthracite 
collieries  increased  from  19.5  tons  per  ton  of  coal  in 
1927,  to  21.8  in  1931,  and  to  29.3  in  1935. 

The  average  thickness  of  beds  worked  underground 
was,  according  to  the  1926  study,  about  63  inches.'^ 
Coal  of  such  thickness  usually  can  be  mined  without 
vertical  cramping  of  operations.  It  is  rather  generally 
agreed  that  5-7  feet  is  the  best  thickness  for  mining. 
Coal  much  thicker  frequently  presents  a  difficult  prob- 
lem of  pillar  support  for  the  roof,  and  the  coal  may 
have  to  be  worked  in  benches;  thinner  beds  often  do 
not  provide  adequate  headroom,  and  they  necessitate 
mining  a  larger  acreage  for  a  given  tonnage  output. 
Other  factors,  of  course,  such  as  strength  of  the  coal, 
character  of  the  roof,  and  cover,  introduce  many  excep- 
tions. 

The  Wilkes-Barre  district  in  the  anthracite  region 
is  illustrative  of  the  necessity  of  mining  thinner  beds 
and  at  greater  depths  as  resources  become  depleted 
(fig.  8).  The  average  thickness  of  the  beds  worked  in 
that  district  decreased  from  8.76  feet  in  1872  to  5.55 
feet  in  1935.*"  Depth  of  workings  below  mine-mouth 
levels  increased  from  170  feet  to  505  feet  during 
the  same  period.  The  figures  for  recent  years  do  not 
show  the  unfavorable  side  of  depletion,  owing  to  rapid 
declines  in  production  which  temporarily  permit  con- 
centration on  the  better  beds. 

Depth  and  thickness  are  not  the  only  physical  fac- 
tors of  occurrence  determining  the  value  of  the  reserves 
of  a  given  quality  of  coal.  In  some  bituminous-coal 
areas  the  coal  is  badly  faulted.  Part  of  the  Pennsyl- 
A'ania  anthracite  beds  also  are  deeply  folded.  Beds 
may  stand  at  various  degrees  of  pitch — some  of  them 
on  end.  Although  portions  of  these  steeply  pitched 
beds  may  be  mined  at  low  cost,  the  average  cost  for  the 
beds  is  high.  Most  of  the  bituminous  coal  beds  now 
being  worked  are  approximately  horizontal,  the  aver- 
age pitch  being  not  more  than  a  few  degrees.^^  Finally, 
there  are  no  definitive  figures  on  the  question,  but  it 
is  true  that  coal  with  numerous  or  thick  partings  of 
clay  or  other  foreign  matter  is  avoided  as  much  as 
possible."-  It  is  certainly  a  fact  that  coal  with  ex- 
tremely high  ash  content  (partly  related  to  the  question 
of  partings)  is  not  mined  and  will  not  be  mined  until 
demand  is  more  pressing  or  better  techniques  for  reduc- 
ing ash  are  perfected. 


°^  Tryon  and  ?choenfeld.  loc.  cit. 

*■  Ashme.nd  and  Whiting,   loc.   cit. 

■ai  Xryon  and   Schoenfeld,  loc.  cit. 

*'-  The  amount  of  refuse  in  coal  beds  Is.  nevertheless,  considerable. 
The  average  thickness  of  Pennsylvania  anthracite  beds  worked  in  Octo- 
ber 1936  was  10.09  feet,  but  refuse  was  1.49  feet  thick,  leaving  a  net 
thickness  for  the  coal  beds  of  S.60  feet.    Ashmead  and  Whiting,  loc  cit. 
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Life  Expectancy  of  Reserves 

One  cannot  determine  accurately  how  long  the  coal 
reserves  of  the  Nation  will  last.  They  will  not  come 
to  an  end  at  a  fixed  lime.  Instead,  they  will  be  ex- 
hausted piece  by  piece.  Technically,  resources  of  coal 
will  never  fully  disappear,  because  there  will  always  be 
beds  just  bej'ond  tlio  limit  of  profitable  mining.  Be- 
cause there  are  all  gradations  of  beds  down  to  those 
only  a  fraction  of  a  foot  thick,  and  because  mining 
cannot,  except  under  unusual  circumstances,  be  pur- 
sued in  sucli  thin  beds,  an  arbitrary  limit  for  mina- 
bility  must  be  set  in  computing  probable  life.  The 
estimates,  therefore,  are  extremely  rough  clues  to  the 
period  of  usefulness  of  the  reserves. 

Estimates  of  the  life  of  coal  reserves  may  be  helpful 
in  conveying  a  general  impression  of  what  may  be 
expected  for  the  future.  They  should  not  be  inter- 
preted too  literally.  In  a  world  of  rapid  change  in 
fuel  utilization,  the  trend  of  development  cannot  be 
accurately  forecast.  The  following  analysis  of  life  ex- 
pectancy of  the  coal  fields  is  offered  to  show  probabili- 
ties rather  than  to  designate  any  single  period  as  the 
indicated  life  span. 

There  are  3,200  billion  tons  of  coal  in  the  ground 
in  the  United  States,  coal  varying  widely  m  heat  value 
and  composition  and  occurring  in  a  variety  of  forma- 
tions, which  might  conceivably  be  mined  with  known 
techniques.  The  rate  of  mining  and  loss  depends  not 
only  on  the  methods  of  conservation  and  use  but  also 
on  the  trend  of  total  energy  demand  and  the  percen- 
tage of  the  demand  met  by  alternative  sources  of 
energy.  If  the  1929  output  of  coal  be  set  against  the 
total  reserves,  assuming  no  change  in  output  to  the 
end  and  no  loss,  the  reserves  have  a  calculated  life  of 
about  5,000  years.  One  would  be  brave  indeed  to 
accept  those  assiunptions  and  that  period  as  a  basis  for 
future  plans.  But  what  are  the  factors  tending  to 
shorten  the  life  of  the  reserves?  First,  the  proba- 
bility of  early  exhaustion  of  petroleum  and  natural  gas 
has  to  be  faced.  When  tl;e  reserves  of  these  fuels  run 
low,  a  heavier  burden  no  doubt  will  fall  on  coal.*^ 
Even  a  cessation  of  tlie  rapid  growth  of  petroleum  and 
gas  output  will  tend  to  force  an  upward  trend  in  coal 
consumption  in  the  event  of  a  continuation  of  rising 
total  fuel  demand.  Second,  when  lower  rank  coals 
than  those  now  mined  are  resorted  to,  a  larger  tonnage 
will  be  needed  for  a  given  heat  value.  Third,  demand 
for  a  better  type  of  fuel  than  that  represented  in  crude 
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coal  probably  will  result  in  the  processing  of  the  coal, 
with  resultant  loss  of  heat.  This  change  is  likely  to 
occur  principally  when  low-rank  coals  are  used  and, 
in  fact,  has  already  been  started  in  connection  with  the 
lignite  of  North  Dakota.  If  liquid  hydrocarbons  are 
produced  eventually  to  replace  petroleum,  coal  output 
will  have  to  increase  not  only  to  provide  the  necessary 
energy,  but  also  to  allow  for  the  thermal  inefficiency  of 
the  processes.  Fourth,  the  long-run  prospects  point  to 
an  increase  in  foreign  demand."^  There  are,  of  course, 
the  disadvantages  of  having  to  bring  in  coal  from 
distant  mines  and  of  having  to  mine  more  difficult 
beds;  these  disadvantages  are,  in  the  calculations,  not 
reckoned  as  insurmountable  barriers.  Rice,  Fieldner, 
and  Tryon,  in  their  excellent  paper  on  "Conservation 
of  Coal  Resources,"  °''  point  out  that,  if  all  the  known 
reserves  of  oil,  gas,  and  peat  be  added  to  those  of  coal, 
and  allowance  be  made  for  the  inferior  lieat  value  of 
low-rank  coals  and  the  necessity  of  replacing  oil  and 
gas,  the  reserves  of  mineral  fuels  are  sufficient  at  the 
1929  levels  of  use  for  1,730  to  2,250  years,  the  range 
reflecting  range  of   assumptions   regarding  losses   in 


"  Rice.  Fieldner,  and  Tryon,  op.  cit.,  p.  6. 
«  Ibid. 

AVERAGE   DEPTH   OF   WORKINGS*    AND  AVERAGE   THICKNESS 

OF   BEDS  IN  MINE   WORKINGS   WILKES-BARRE  DISTRICT 

OF    THE   ANTHRACITE   REGION,  PENNSYLVANIA 
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have  already  been  indicated. 
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mining.  But  if  the  annual  increment  of  demand  for 
energy  observed  in  the  1920's  continues,  the  reserves 
will  last  only  365  to  425  years,  the  range  depending 
again  on  range  of  assumed  losses  in  mining."*^ 

In  the  United  States,  growth  of  industry  has  come 
to  be  a  normal  expectation.  The  usual  concept  of  eco- 
nomic progress  assumes  continued  expansion  of  produc- 
tion. It  should  be  observed,  however,  that  a  growth 
of  coal  mining  as  much  as  1  percent  per  year  could  not 
be  maintained  mitil  the  coal  reserves  are  exhausted. 
In  the  final  years,  the  Nation's  annual  coal  production 
would  be  at  least  8  times  as  large  as  world  coal  pro- 
duction was  in  1929.  Undoubtedly  the  handicap  of 
increasingly  meager  reserves  would  force  a  decline  of 
production  long  before  the  last  tonnages  are  taken. 
No  calculations  of  jirobable  life  can  show  adequately 
the  effect  of  the  qualitative  decline  accompanying  de- 
pletion of  the  better  reserves.  To  the  extent  that  the 
finest  deposits  are  mined  first,  the  coal  industry  will 
encounter  added  problems  in  mining  the  remaining 
coal. 

Local  Depletion  of  Coal  Deposits 

The  best  coal  beds  are  being  mined  at  a  rapid  rate, 
and  many  are  nearly  exhausted.  The  famous  Big  Vein 
coal  in  Georges  Creek,  Maryland,  is  almost  exhausted.^' 
Exhaustion  of  the  virgin  portions  of  this  bed  accounted 
for  a  sharp  decrease  in  output  per  man  from  the  nine- 
ties to  the  time  of  the  World  War.''*  A  large  number 
of  examples  of  depletion  are  cited  by  George  H.  Ash- 
ley: "The  Block  coals  of  Indiana,  which  were  in  their 
day  considered  a  very  fine  coal,  are  pi'actically  ex- 
hausted. The  Sharon  bed  of  Ohio,  which  in  its  day  was 
considered  a  very  fine  coal,  is,  I  think,  practically 
exhausted.  The  low-sulphur  coal  of  Illinois,  while  in 
a  thick  bed,  has  a  limited  life.  An  examination  of  the 
Pocahontas  region  of  Virginia  and  West  Virginia  will 
show  a  limited  life.  By  that  I  mean  that  it  has  a  life 
measured  not  in  hundreds  of  years  but  in  scores  of 
years."  ^^  The  Moshannon  bed  in  the  Clearfield,  Penn- 
sylvania, district  is  almost  gone.'"'  The  serious  unem- 
ployment problem  in  Clearfield  County  is  well  kiiown. 
The  Blossburg  bed,  which  is  advantageously  located  at 
the  northeastern  fringe  of  the  Pennsylvania  bitumi- 
nous-coal area,  is  little  more  than  a  matter  of  history.'^ 


High-quality  coals  in  the  high-volatile  beds  of  Ken- 
tucky and  West  Virginia  are  limited.'-  The  most  avail- 
able coal  has  been  taken  from  around  Coalgate,  Okla- 
homa; many  of  the  producing  areas  in  the  McAlester, 
Oklahoma,  district  have  been  almost  exhausted.'^  In 
the  Osage  field  of  Kansas,  mining  companies  are  now 
working  a  bed  only  21  mches  thick."  The  Big  Muddy 
Creek  district  of  Illinois  has  all  been  worked  out.'° 

Reserves  of  thick  coal  are  not  generally  a  large  per- 
centage of  the  total.  Probably  the  total  quantity  of 
Pennsylvania  bituminous  coal  in  beds  more  than  5  feet 
thick  is  not  in  excess  of  10  billion  tons.'''  A  similar 
study  for  Ohio  indicates  that  70  percent  of  the  original 
reserve  was  in  beds  less  than  4  feet  thick."  Ashley 
made  a  study  of  the  Punxsutawney  quadrangle  in  cen- 
tral Pennsylvania  '^  and  found  that  45  percent  of  the 
coal  was  in  beds  less  than  2  feet  thick,  20  percent  in 
beds  2  to  3  feet  thick,  and  91  percent  altogether  in  beds 
less  than  4  feet  thick.  Coal  more  than  5  feet  thick  con- 
stituted only  2  percent  of  the  total.  About  all  the 
5-foot  coal  has  been  mined,  and  only  a  small  fraction  of 
the  4-foot  coal  remains.  Beds  only  3  to  4  feet  thick 
are  tliinner  than  that  required  for  the  lowest  cost 
mining.  In  thin  beds  a  larger  acreage  must  be  worked 
for  a  given  output;  operations  become  more  scattered; 
more  transportation  is  needed;  and  the  lack  of  height 
is  a  liandicap  to  both  the  miners  and  the  machines. 
These  factors  increase  the  costs  of  mining. 

Depletion  is  also  becoming  evident  in  some  compar- 
atively large  areas.  The  anthracite  deposits  of  Penn- 
sylvania are  more  than  29  percent  depleted.  The  high- 
quality  smokeless  coals  of  southern  West  Virginia  in 
beds  3  feet  or  more  thick  will  last  only  about  85  years 
at  the  1929  rate  of  mining.'"  The  life  of  the  great 
Pittsburgh  bed  in  Pennsylvania  is  limited  to  100  years 
at  the  1929  rate  of  production,  and  the  Connellsville 
coking  coal  in  the  Pittsburgh  bed,  which  contributed 
heavily  to  the  development  of  the  American  iron  and 
steel  industry,  probably  will  be  sufficient  for  only  20 
to  30  years.*" 


"/6M.,  p.  6. 

"'  "Report  of  the  Planning  Committee  for  Mineral  PoUcy,''  National 
Resources  Board.  Report.  December  1,  19Si,  p.  397. 

"  Rice.  Fieldner,  and  Tryon,  op.  cit.,  p.  12. 

«"  Testimony  in  the  Carter  Coal  case,  op.  cit.,  p.  531. 

™  James  D.  Sisler,  Bitttminous  Coal  Fields  of  Pennsylvania,  Pennsyl- 
vania Geological  Survey,  Bulletin  M-6,  pt.  II,  1932,  p.  182. 

^  John  F.  Reese  and  James  D.  Sisler,  Bituminous  Coal  Fields  of  Penn- 
sylvania, Pennsylvania  Geological  Survey,  Bulletin  M-6,  pt.  Ill,  1928, 
pp.   136-37. 


"Ashley,  testimony  in  the  Carter  Coal  case,  op.  cit.,  p.  531. 

''Fredericls  Lynne  R.van.  Tlw  Rehaiilitation  of  Oklahoma  Coal  Mining 
Communities,  University  of  Oislahoma  Press,  Norman,  1935,  p.  72. 

'*  Rice,  Fieldner,  and  Tryon,  op.  cit.,  p.  11. 

"  A.  Bement,  Illinois  Coal,  Bulletin  No.  56,  Illinois  Geological  Sur- 
vey, 1929,  pp.  21,  38,  39. 

■•George  H.  .\shley.  Bituminous  Coal  Fields  of  Pennsylvania,  Penn- 
sylvania Gtological  Survey,  Bulletin  M-6,  pt.  I,  1928,  p.  162. 

'•  J.  A.  Bownocker.  The  Coal  Fields  of  Ohio,  D.  S.  Geological  Survey, 
Professional  Paper  lOOB.  1929.  p.  38. 

^George  H.  Ashley,  Topographic  and  Geologic  Atlas  of  Pentisylvatiia, 
.Vo.  65,  Pennsylvania  Geological  Survey.  1926.  p.  127. 

"  Howard  N.  Eavenson,  "The  Low-Volatile  Coal  Field  of  Southern 
West  Virginia,"  American  Institute  of  Mining  and  Metallurgical  Engi- 
neers, Transactions,  1932,  vol.  101,  p.  95. 

<"  Ashley,  testimony  in  the  Carter  Coal  case,  op.  cit.,  p.  533. 
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Most  coal-bearing  areas  have  several  beds  of  coal 
appearing  at  various  levels.  AVlien  the  uppermost  bed 
has  been  completely  mined,  operations  may  be  shifted 
to  a  lower  bed.  The  deeper  coal  actually  may  be 
thicker  than  the  shallower  coal,  but  greater  depth  of 
mining  will  add  to  the  costs  of  production.  In  some 
areas  mining  takes  place  at  two  or  more  levels.  Data 
on  a  single  bed  may  be  somewhat  misleading  as  a  por- 
trayal of  the  incidence  of  exhaustion.  In  Pennsyl- 
vania, the  Upper  Freeport  bed,  below  tlie  Pittsburgh 
bed,  contains  more  coal  than  the  Pittsburgh  bed,'^  al- 
though the  coal  is  not  so  heavily  concentrated  in  a  few 
counties.  The  Pennsylvania  Geological  Survey  lists 
14  beds  of  bituminous  coal  of  commercial  value  in 
Pennsylvania.  Three  of  the  beds,  however,  have  three- 
fifths  and  five  of  them  have  three-fourths  of  the  total 
coal.*-  In  many  regions,  nevertheless,  as  in  the  Penn- 
sylvania anthracite  regions,  total  resources  have 
reached  a  high  percentage  of  depletion.  In  Allegheny 
County,  Pennsylvania,  in  which  Pittsburgh  provides  a 
large  urban  market  for  coal,  more  than  three-fourths 
as  much  coal  has  been  mined  or  lost  as  remains  recov- 
erable.'^  The  county  is  approaching  the  halfway  mark 
in  tonnage,  but  it  is  a  certainty  that  the  last  half  of 
the  reserves  will  be  much  more  difficult  to  mine  than 
was  the  first  half.  The  condition  in  this  area  fore- 
shadows the  problems  to  be  encountered  generally 
when  coal  reserves  reacli  a  mature  stage  of  utilization. 


"  George  H.  Ashley,  Bituminous  Coal  Fields  of  Pennsylvania,  Penn- 
sylvania Geological  Survey,  Bulletin  M-6,  pt.  I,  1928,  p.  158. 

"Ibid.,  pp.   158-59. 

*>  Fritz  and  Veenstra,  op.  cit.,  pp.  IG-IS  and  177.  Estimates  pertain 
to  1920  and  allowance  must  be  made  for  coal  mined  or  lost  since  that 
year. 


Conclusion  on  Coal  Reserves 

Current  evidence  points  to  greater  reliance  on  coal 
than  on  any  other  source  of  energy.  From  a  realistic 
view  of  the  Nation's  coal  reserves,  it  must  be  recognized 
that  complete  exhaustion  of  the  reserves  probably  will 
not  occur  for  hundreds,  possibly  thousands,  of  years. 
Except  probably  for  a  brief  interlude,  coal  may  con- 
tinue in  the  future,  as  it  has  in  the  past,  to  be  more 
important  than  all  other  sources  of  energy  combined. 
This  prospective  dependence  of  our  civilization  on 
coal  should  lead  us  to  consider  what  problems  will 
arise  concerning  our  coal  reserves  long  before  complete 
exhaustion  is  threatened.  To  what  extent  can  the  Na- 
tion afford  to  gamble  witli  the  future  of  the  coal  re- 
serves under  a  policy  of  irresponsible  exploitation? 
The  answer  appears  to  be  one  of  budgetary  manage- 
ment. The  Nation — all  groups  considered — can  ill  af- 
ford to  waste  its  coal  resources  if  the  penalty  in  the 
form  of  higher  costs  of  production,  accompanied  by 
lower  standards  of  fuel  consumption,  outweighs  tem- 
porary gains  accruing  from  skimming  the  best  and 
allowing  the  remainder  to  be  added  to  the  already  huge 
quantity  of  coal  that  never  will  be  mined  even  under 
pressing  needs  for  fuel.  A  national  accounting  shows 
that  reasonable  conservation  measures  will  yield  divi- 
dends under  the  conditions  of  increasing  costs  in  the 
coal  industry.  The  extent  of  conservation  advisable 
dei^ends  on  (1)  the  present  state  of  utilization,  (2) 
the  cost  of  conservation,  and  (3)  the  increase  in  future 
costs  of  mining  attributable  to  current  waste.  Ulti- 
mate exhaustion  is  only  a  minor  consideration.  More 
important  is  the  extent  to  which  waste  leads  to  depen- 
dence on  poorer  and  less  accessible  deposits;  attention 
is  directed  chiefly  to  this  immediate  problem. 


CHAPTER  3.— INDUSTRIAI.  PROBLEMS  OF  THE  COAL  INDUSTRY 


Character  of  the  Uses  of  Coal 

Since  the  World  War  marked  changes  have  been 
made  in  the  technology  of  coal  utilization.  The  rise  of 
the  byproduct  coke  industry  is  indicative  of  the  changes 
that  have  been  taking  place.  The  extensive  introduc- 
tion of  automatic  stokers  has  also  resulted  in  improved 
efficiency. 

In  general,  two  forms  of  energy  are  derived  from 
coal.  First,  a  comparatively  simple  heat  energy,  and, 
second,  a  more  complicated  mechanical  or  motivating 
energy  commonly  called  power.  Mechanical  energy  is 
one  step  farther  removed  in  the  process  of  conversion 
than  is  heat  energy,  and  efficiency,  accordingly,  is  lower 
than  that  for  conversion  to  heat   (fig.  9).     In  addi- 


tion to  being  the  major  energy  material,  coal  is  also  a 
storehouse  of  many  chemicals  fitted  to  a  wide  range  of 
nonenergy  uses. 

It  appears  that  the  technology  of  coal  utilization  is 
still  in  its  infancy  and  that  there  are  possibilities  of 
fui'tiicr  improvements  that  will  overshadow  those  of 
the  past.  Many  of  the  methods  of  use  of  coal  remain 
inefficient.  This  isl  especially  true  of  small-scale  uses 
such  as  residential  use.  The  preference  of  consumers 
for  automatic  heating  portends  development  in  that 
direction.  Automatic  control  in  utilization  requires 
either  tonversion  of  the  raw  coal  to  a  condition  in 
which  the  heat  value  of  the  coal  may  be  more  readily 
utilized,  or  equipment  that  will  handle  the  coal  with 
more  facility  during  the  process  of  combustion. 
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The  original  cost  of  coal  per  ton  is  being  weighed 
more  heavily  against  satisfactory  performance  in  utili- 
zation. Because  of  this  change  in  attitude,  technical 
considerations  must  be  taken  into  account  in  the  sale 
of  coal.  A  conversion  of  coal  to  a  different  form,  such 
as  coke  or  semicoke,  of  course,  is  a  recognition  of  this 
fact.  But  improvements  in  equipment  and  in  methods 
of  handling  fuel  also  are  being  made,  and  these  neces- 
sitate better  selection  of  grades,  types,  and  sizes  of  coal. 
To  make  better  selection  possible,  coal  producers  should 
understand  the  fuel  problems  of  the  customer  and  be 
able  to  give  accurate  information  concerning  the  prop- 
erties of  coal.^  Items  of  chief  importance  to  the  cus- 
sumer  are  as  follows :  ^ 

1.  Moisture  content.- — As  the  moisture  in  coal  in- 
creases, the  heat  value  decreases.  Costs  of  steam  pro- 
duction and  of  coal  handling  are  both  affected  by  mois- 
ture content.  Coal  having  a  large  quantity  of  free 
moisture  may  present  difficulties  in  handling  during 
freezing  weather. 

2.  Ash  content. — High  ash  content  means  reduced 
heat  value,  more  ash  handling  and,  accordingly,  higher 
cost  from  that  source.  The  thermal  efficiency  of  utili- 
zation need  not  be  materially  affected  by  ash  content 
up  to  12  percent,  but  this  depends  on  the  fusibility  of 
the  ash  and  on  the  equipment.  Coals  with  very  low  ash 
content  may  be  troublesome  because  of  lack  of  protec- 
tion for  the  grates. 


^  A  rather  full  but  concise  consideration  of  the  properties  of  coal  may 
be  found  in  Fire  Htmdred  Tests  of  Various  Coals  in  House  Beating 
Boilers,  U.  S.  Bureau  of  Mines  Bull.  276. 

'  E.  J.  Kerr,  "Utilization  Investigations,"  Coal  Mining  Mechanization 
Yearbook,  ISSi,  pp.  201-212. 


TYPICAL    PROPORTIONS   OF    CONSUMPTION    OR  LOSS    IN 
THE    UTILIZATION    OF    COAL    RESOURCES 
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PERCENT 

100  0 


ALLOCATED 
PERCENT 


ITEM  OF    CONSUMPTION 
OH    LOSS 


8  7   CONVERTED   TO   MECHANICAL   ENERGY 


29  I    LOSS  IN  CONVERSION  FROM  HEAT  ENERGY 
TO  MECHANICAL  ENERGY 


20  4   LOSS  IN  CONVERSION  TO  HEAT  ENERGY 
-2  6   LOSS  IN  TRANSIT  AND  STORAGE 

-2  9   CONSUMED  IN  TRANSPORTING  COAL 
-1,3   CONSUMED  IN  OPERATING  COAL  MINES 
4  5   LOSS  IN  HANDLING   8  PREPARATION  AT  MINES 

30  5   LOSS  IN  MINING 
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3.  Heat  value. — This  item  fixes  the  cost  of  the  po- 
tential heat  energy. 

4.  Sulphur  coiitent. — Sulphur  in  coal  may  be  trouble- 
some for  certain  uses,  such  as  metallurgical  use,  but 
otherwise  the  item  has  been  overemphasized  in  con- 
nection with  handling  high  sulphur  coal  in  the  furnace 
and  in  storage. 

5.  Ash-fimon  temperature. — This  item  indicates  the 
tendency  of  coal  to  clinker.  A  low  ash-fusion  tempera- 
ture may  cause  trouble  in  certain  types  of  equipment, 
and,  therefore,  may  be  objectionable. 

6.  Size. — This  item  is  important,  especially  for  non- 
caking  coals,  as  it  fixes  the  resistance  to  air  flow. 

7.  Stnicture. — Coal  structure  or  friability  is  of  in- 
terest to  stoker  users  because  of  its  effect  on  the  propor- 
tion of  fine  coal  produced.  Hardness  affects  wear  on 
parts  and  capacity  of  pulverizers. 

8.  Bu)m,ing  characteristics. — The  burning  and  caking 
characteristics  of  coal  are  difficult  to  measure  except  by 
actual  burning  tests.  Thus  far  very  few  objective 
standards  have  been  established. 

A  principal  reason  for  believing  that  coal  utiliza- 
tion will  become  more  complicated  is  that  the  composi- 
tion of  coal  is  complex.  Coal  consists  of  numerous 
combinations  of  hydrogen  and  carbon.^  The  original 
material  from  which  coal  was  derived  contained  lig- 
nin,  resins,  waxes,  fats,  cellulose,  starches,  sugars, 
gums,  mucilage,  pectin,  turpentine,  camphor,  and  other 
substances  which  were  subjected  to  bacterial  attack.* 
Starches  and  sugars  and  cellulose  were  destroyed,  and 
pai-ts  of  them  were  dissipated  into  the  air  as  carbon 
dioxide.  The  remaining  material  of  value  as  fuel  con- 
sists chiefly  of  carbon,  hydrogen,  and  oxygen.' 

Patent  characteristics  of  coal  include  color,  banding, 
grain,  luster,  structure,  fracture,  cleavage,  hardness, 
and  weight."  Coals  are  not,  as  a  rule,  uniform  in  tex- 
tui-e.  Most  of  them  have  alternating  bands  of  bright 
and  dull  coal,  and  they  usually  have  no  distinctive 
structure ;  that  is,  they  are  massive  in  character.  Lus- 
ter, or  shininess,  however,  differs  considerably  among 
the  various  ranks  of  coal.  Anthracite  resembles  black 
glass,  whereas  cannel  coal  has  a  satiny  luster.  Hard- 
ness of  coal  may  range  from  that  found  in  lignite, 
which  can  be  crushed  in  the  hand,  to  the  graphitic 
coals  of  Rhode  Island,  which  are  extremely  difficult  to 
break.    Fracture  is  an  important  property  of  all  coals, 


3  R.  Thiessen,  "What  is  Coal."  Record  of  Meetings  of  Fuel  Engineer! 
of  Appalachian  Coals,  Inc.,  1937,  toI.  4,  pp.  211-272. 

■*  James  B.  Sisler,  The  Romance  of  Coal,  West  Virginia  Geological 
Survey  Commission.  Mimeograph  Series  1,  Bull.  3,  April  1,  1931,  p.  1. 

'  rbid.,    p.    8. 

'liid.,  p.   7. 
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such  as  conchoidal  fracture  of  antliracites  and  cannel 
coals  and  irregular  fracture  of  splint  coals. 

Other  characteristics,  not  visible  to  the  naked  eye, 
may  be  seen  under  a  microscope.  The  microscopic  ap- 
pearance of  coal  is  not  black  or  sooty.'  A  cross  section 
of  even  a  dirty  lump  of  coal  shows  colors  in  brown  and 
{rold.  The  cellular  structure  of  the  plants  from  which 
the  coal  originated  becomes  visible.  Scattered  through- 
out the  coal  are  thousands  of  spores  of  club  moss  and 
ferns  and  pollen  of  many  kinds  of  flowers.  Bright 
bands  consist  of  wood  which  has  been  changed  to  coal. 
These  bands  show  a  woody  structure,  but  the  wood  is 
not  from  trees  of  present-day  varieties  but  rather  from 
tree  ferns  and  giant  plants.  Layers  of  charcoal  occur 
in  association  with  the  bright  and  dull  bands. 

Thousands  of  commercial  products  are  obtained  from 
coal.  The  complexity  of  utilization  increases  as  the 
temperature  of  treatment  of  coal  decreases,  because 
high  temperature  tends  to  break  down  the  complex 
substances  in  coal  to  simpler  forms.  But  even  the  high- 
temperature  process  used  in  byproduct  ovens  yields  a 
large  range  of  products.  Among  the  byproducts  are 
motor  fuels,  road  oils,  tars,  resinous  products,  dyes, 
explosives,  flavoring  extracts,  drugs,  disinfectants,  in- 
secticides, briquette  binders,  wood  preservatives,  paint 
materials,  varnishes,  rubber,  fertilizers,  soaps,  roofing 
materials,  and  materials  for  electrical  apparatus.  Coal 
also  contains  inorganic  minerals ;  that  is,  those  that  do 
not  contain  carbon.  Studies  of  samples  of  coal  have 
shown  the  existence  of  pyrite,  kaolin,  muscovite,  calcite, 
quartz,  limonite,  magnetite,  gypsum,  hematite,  tourma- 
line, siderite,  zircon,  garnet,  and  other  minerals  not 
used  as  fuel.' 

Production  Tendencies 

In  tlie  period  before  the  World  War  the  coal  indus- 
try was  one  of  the  Nation's  most  rapidly  growing  in- 
dustries." Problems  that  might  have  been  grave  in 
(he  event  of  a  stationary  or  declining  output  often  dis- 
appeared in  the  face  of  mounting  consumption  require- 
ments. Production  commonly  doubled  everj'  8  or  9 
3'ears  (fig.  10).  This  rapid  growth  existed  in  both  the 
bituminous  coal  and  the  anthracite  industries,  although 
the  anthracite  industry  showed  some  tendency  toward 
retardation  of  growth  earlier  than  the  bituminous  coal 


PRODUCTION   OF   COAL   IN   THE   UNITED  STATES.  BY  YEARS 
1840-1937 


'■  Jbid..  pp.   6-7. 

'  A.  W.  Gauger,  "Coal  and  Its  Mineral  Matter  with  Reference  to  Car- 
bonization." reprinted  from  Blast  Furnace  and  Steel  Plant.  April.  May, 
and  June  1936.  p.  4. 

"  T.  A.  Vecnstra  and  W.  G.  Fritz,  "Major  Economic  Tendencies  in  the 
Bituminous  Coal  Industry,"  Quarterly  Journal  of  Eeonomics,  November 
1936. 
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industry.  From  1840  to  1850  bituminous  coal  produc- 
tion showed  an  increase  of  161  percent.  A  peak  rate 
of  gain  was  shown  in  the  decade  from  18G0  to  1870, 
when  the  increase  was  168  percent.  This  rate  of  gain 
was  maintained  almost  unabated  until  1890,  after  which 
there  was  more  tendency  toward  retardation,  although 
the  gain  was  91  percent  from  1890  to  1900  and  97  per- 
cent from  1900  to  1910.  It  is  noteworthy  that  from 
1910  to  1920  the  gain  was  only  36  percent  and  that  in 
llie  decade  from  1920  to  1930  the  trend  was  downward. 
Product  i(m  of  anthracite  has  been  decrea.sing  more  rap- 
idly since  the  World  War  than  production  of  bitumi- 
nous coal.  In  fact  the  output  of  Pennsylvania  anthra- 
cite decreased  from  almost  100  million  tons  in  1917, 
the  peak  year,  to  approximately  50  million  tons  during 
the  past  several  yeare.  The  comparatively  low  levels 
of  business  activity  in  recent  years,  of  course,  may  ac- 
count, in  part,  for  the  slump  in  production,  but  it 
should  be  remembered  that  anthracite  is  largely  a  resi- 
dential fuel  and,  therefore,  is  not  greatly  aifected  by 
business  cycles.  Anthracite  production  in  1937  was  less 
than  that  in  1936,  even  though  average  business  levels 
were  higher  in  1937. 

GrowtJr  of  total  coal  production,  including  both 
anthracite  and  bituminous  coal,  was  6.5  percent  per 
year  from  1870  to  1902,  and  from  1903  to  1916  it  was 
only  4.5  percent  per  year,  whereas  for  the  period  from 
1917  to  1929  it  declined  0.2  percent  per  year,  despite 
the  fact  that  business  generally  was  active  in  the  latter 
part  of  the  period.^"  Total  coal  production  entered  a 
period  of  marked  retardation  in  the  early  1900's ;  never- 
theless, 'new  high  levels  continued  to  be  reached  until 


'"Based  on  trend  lines  calculated  by  Louis  J.  Paradiso  on  the  staff  of 
the  National   Resources  Committee. 
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1918.  From  that  date  until  1923  the  trend  was  ap- 
proximately horizontal,  but  since  1923  the  trend  has 
been  clearly  downward.  Production  during  the  1929 
peak  was  lower  than  that  of  preceding  peak  years,  and 
at  no  time  during  the  1930's  was  the  1929  peak  ap- 
proached. Table  4  shows  the  production  in  1900  and  in 
selected  years  since. 

The  first  recorded  production  of  bituminous  coal  in 
the  United  States  was  in  1750,  when  500  tons  were 
mined."  This  production  occurred  in  Virginia.  There 
was  no  production  in  any  other  State  until  1759,  when 
the  Pittsburgh  bed  began  to  be  worked.  Anthracite 
mining  began  on  a  commercial  scale  in  1776.  Produc- 
tion in  that  year  was  only  100  tons  against  8,850  tons 
for  the  bituminous  coal  industry.  Before  1775  the  Na- 
tion imported  more  coal  than  it  produced.  In  subse- 
quent years,  however,  imports  have  lost  ground  rela- 
tively. Since  1873  exports  of  coal  usually  have  been 
larger  than  imports.  Growth  of  the  anthracite  indus- 
try was  slow  until  1821.  From  1776  to  1820  output  in- 
creased only  from  100  tons  to  700  tons.  Beginning  in 
1821,  rapid  increases  were  registered  annually  so  that 
by  1841  production  exceeded  1  million  tons.  At  the 
oijening  of  the  Civil  War,  it  was  about  10  million  tons. 
Growth  of  the  bituminous  coal  industry  was  more  regu- 
lar. Almost  from  the  start  the  industry  showed  a  com- 
paratively steady  growth.  From  1821  to  about  the  time 
of  the  close  of  the  Civil  War  the  anthracite  industry 
grew  more  rapidly  than  the  bituminous  coal  industry. 
Indeed,  anthracite  production  was  larger  than  bitu- 
minous coal  production  during  the  period  from  1841  to 
1864  and  also  in  several  subsequent  years.  In  connec- 
tion with  the  development  of  the  use  of  coke  in  the 
steel  industry  during  the  1870's,  the  bituminous  coal  in- 
dustry began  to  show  an  accelerated  growth  and  soon 
left  the  anthracite  industry  far  behind.  By  1900  the 
bituminous  coal  industry  reached  an  output  of  212  mil- 
lion tons,  whereas  anthracite  production  was  only  57 
million  tons.  The  bituminous  coal  industry  showed  an 
all-time  peak  of  production  in  1918,  when  output  was 
579  million  tons.  The  peak  in  the  anthracite  industry 
came  in  1917  and  amounted  to  almost  100  million  tons. 
The  largest  annual  post-war  production  of  bituminous 
coal  was  569  million  tons,  reached  in  1920  but  closely 
approached  in  1923;  in  the  anthracite  industi-y,  the 
post-war  peak  was  93  million  tons,  reached  in  1923.    In 
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1937,  a  comparatively  good  year  in  business  generally, 
bituminous  coal  production  was  442  million  tons  and 
anthracite  52  million  tons  (both  figures  preliminary). 
The  figures  on  anthracite  production  do  not  include 
bootleg  (illegal)  production,  an  important  factor  in 
recent  years.  In  1936-37  the  bootleg  industry  produced 
anthracite  at  an  estimated  rate  of  2,400,000  tons 
a  year.'^  This  was  equal  to  nearly  5  percent  of  the 
total  legally  mined  anthracite  in  Pennsylvania,  but  it 
is  lower  than  many  of  the  guesses  published  previously. 
In  the  peak  year,  1935,  bootleg  output  scarcely  reached 
2,900,000  tons." 

Despite  the  retardation  of  growth  in  the  coal  in- 
dustry, the  United  States  remains  the  largest  producer 
and  consiuner  of  coal.  During  the  past  35  years,  more 
coal  has  been  produced  and  consumed  in  the  United 
States  than  in  the  entire  previous  history  of  the 
country. 

Table  4. — Coal  production  hy  States,  for  selected  years 

[Thousands  of  net  tons] 


State 


Alabama.-- 

Arkansas- - 

Oklahoma 

Colorado 

Georgia  and  North  Carolina.. 

Illinois 

Indiana 

Iowa 

Kansas 

Missouri 

Kentucky - 

Maryland 

Michiiian 

Montana-- 

New  Mexico- 

North  Dakota --- 

South  Dakota 

Ohio 

Pennsylvania 

Tennessee -- 

Texas 

Utah 

Virginia 

Washington 

West  Virginia- 

Wyoming 

Other  States 


Total  bituminous.. 
Pennsylvania  anthracite. 


Grand  total. 


1900 


8,394 
1,448 
1.922 
5,244 

334 
25,  768 
6.484 
5,203 
4,468 
3.540 
5,329 
4,025 

849 
1,662 
1,299 

130 


18,988 

79, 842 

3,510 

968 

1,147 

2,394 

2,474 

22,  647 

4,015 

231 


212,315 
57. 368 


1913 


17.  678 
2,234 
4,166 
9,232 
256 

61.619 

17, 166 
7,  526 
7,202 
4,318 

19,  617 
4,780 
1,232 
3,241 
3,709 
495 
11 

36,200 
173, 781 
6,860 
2,429 
3,255 
8,828 
3,878 

71,254 

7.393 

73 


478. 433 
91,  525 


1918 


19, 185 
2.227 
4.813 

12, 408 
68 

89,  291 

30,  679 
8,192 
7,562 
5,668 

31,613 
4,497 
1,465 
4,533 
4,023 
720 
8 

45,813 

178, 551 

6,831 

2,261 

5,137 

10,290 
4,082 

89, 936 

9,439 

18 


579,  310 
98, 825 


678, 136 


1929 


17,  944 

1,695 

3,774 

9,921 

97 

60, 658 

18, 344 

4,211 

2,976 

4, 0,10 

60, 462 

2,649 

805 

3,408 

2,623 

1,862 

13 

23,689 

143,  516 

5. 400 

1,101 

5,161 

12,  748 

2,521 

138, 519 

6,  705 

20 


634,888 
73,828 


608,  716 


Prelim. 
12,  400 

3,200 

7,153 

15 

51,  240 

17,  270 

3,690 

7,044 

47,  053 

1.570 

561 

3,075 

1,795 

2,105 

24,500 

110,160 

5,292 

879 

3,750 

13,558 

2,010 

118,050 

5,930 

25 


442, 325 
51,856 


494, 181 


Source :  Uitieml  Resources  of  the  United  States  and  llineraJs  Year- 
iook.     Alaskan  production  is  excluded. 


1  Howard  N.  Eavenson,  The  Pittshiirgh  Coal  Bed,  American  Institute 
of  Mining  and  Metallurgical  Engineers.  New  York,  1938.  table  1  in  back- 
cover  pocket. 


^Report  of  the  Anthracite  Coal  Industry  Commission,  Commonwealth 
of  Pennsylvania,  Harrisburg,  July  30,  1938,  p.  43. 
"/6id,,  p.   44. 
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There  are  three  major  reasons  for  retardation  of 
growth  of  the  coal  industry.  Slower  growth  of  popu- 
lation and  of  industry  generally,  of  coui'se,  has  had  an 
adverse  effect.  Second,  there  has  been  the  factor  of 
fuel  economy,  particularly  in  the  electric  power,  rail- 
road, and  steel  industries.  Undoubtedly  more  impor- 
tant than  the  other  two  reasons  have  been  the  inroads 
into  coal  markets  made  by  competing  fuels. 

In  the  long  run,  exhaustion  of  oil  and  gas  reserves 
very  likely  will  throw  more  of  the  burden  of  providing 
energy  on  coal  reserves.  A  major  sliift  of  that  burden, 
however,  is  improbable  for  many  years.  Even  if  do- 
mestic supplies  of  petrolemn  become  badly  depleted, 
petroleum  will,  no  doubt,  be  imported  from  foreign 
sources.  The  prospects  are  that  the  long-term  trend 
of  the  coal  industry  will  continue  to  be  downward  for 
some  time.  Further  inroads  by  the  oil  and  gas  indus- 
tries appear  to  be  imminent,  and  further  inti-oduction 
of  technological  improvements  in  coal  consumption  also 
seems  likely  to  have  a  depressing  effect  on  production. 
Despite  marked  economies  already  introduced  by  rail- 
roads, a  new  type  of  locomotive  has  been  built  recently 
which,  it  is  said,  will  reduce  fuel  consumption  to  one- 
half."  Altliough  this  locomotive  is  an  oil  steam-tur- 
bine electric  engine,  a  similar  type  burning  coal  by 
automatic  stokers  could  be  built.  The  lack  of  adapta- 
bility of  temperature  of  the  fuel  bed,  of  course,  would 
reduce  the  efficiency  somewhat. 

Coal  probably  will  not  displace  all  competing  fuels. 
In  the  event  of  relative  exhaustion  of  petroleum  and 
natural  gas,  fuels  may  be  produced  from  oil  shales  or 
from  agricultural  j^roducts,  and  greater  use  would  be 
made  of  the  Nation's  water  power  resources.  Stimu- 
lation of  demand  for  coal  hy  reduction  of  pric<»s  ap- 
pears largely  out  of  the  question.  Price  reduction 
would  necessitate  decreases  in  wage  rates,  and  such  de- 
creases are  improbable  with  the  present  strong  unioni- 
zation of  the  industrj'.  Since  the  industry  is  already 
operating  at  a  deficit  of  income  available  for  supplies, 
equipment,  power,  and  other  expenses,  as  well  as  for 
depreciation  and  depletion,  the  share  cannot  be  reduced 
without  impairing  the  future  of  the  industry.  Fur- 
thermore, the  demand  for  coal  is  inelastic.  It  is  doubt- 
ful that  a  considerable  decrease  in  price  would  result 
in  sizable  increases  in  totul  consumption  of  coal,  at 
least  not  sufficient  increase  to  yield  a  larger  total  in- 
come." 


At  present,  mining  is  concentrated  largely-  on  the 
thick  and  accessible  beds,  which  are  being  rapidly  de- 
jileted.  The  result  will  be  an  early  dependence  on 
leaner  and  more  inaccessible  beds,  in  which  coal  is 
available  only  at  increasing  costs.  Currently  about 
12  percent  of  the  output  consists  of  anthracite,  which 
constitutes  onlj'  one-half  of  1  percent  of  the  total 
reserve.  Likewise,  about  17  percent  of  the  output  is 
semibituminous  coal,  which  constitutes  slightly  less 
than  2  percent  of  the  reserve.  Among  the  bituminous 
coal  ranks,  production  centers  on  the  best  coal.  It 
would  appear  that  the  downward  trend  in  coal  pro- 
duction would  be  decidedly  helpful  in  preserving  the 
resources.  Practicall}',  however,  decreased  demand  for 
coal  induces  more  concentration  on  the  thicker  and 
more  accessible  beds.'''  Tlie  disru[)ting  effect  of  a 
downward  trend  also  brings  about  intermittent  and 
wasteful  production. 

Bitiuninous  coal,  being  used  to  a  large  extent  by 
industry,  tends  to  fluctuate  with  the  variations  in  gen- 
eral business  activity.  Mines  delivering  coal  to  certain 
types  of  industries  are,  of  cour.se,  directly  subject  to 
the  fluctuations  in  those  industries.  Captive  mines  in 
Fayette  County,  Pa.,  for  example,  which  produce  coal 
for  the  iron  and  steel  industry,  show  the  very  wide 
fluctuations  characteristic  of  that  industr}'.  Short- 
term  swings  of  coal  output  are  erratic,  being  subject  to 
the  effects  of  such  factors  as  strikes,  threats  of  strikes, 
variations  in  amount  of  coal  in  storage,  weather  con- 
ditions, and  faulty  anticipation  of  demand  (fig.  11). 
On  a  yearly  basis,  however,  fluctuations  of  bituminous 
coal  production  show  a  close  correlation  with  those  of 
business  activity  (fig.  12).  Anthracite  production, 
unlike  bituminous  coal  production,  shows  small  cycli- 
cal swings,  but  the  very  short  fluctuations  are  unusually 
erratic.  Since  anthracite  is  used  mostly  by  residential 
consumers  and  the  small  conunercial  trade,  the  prob- 
lem exists  of  anticipating  consumer  demand  during 
the  heating  season.  The  uncertainties  of  weather  con- 
ditions also  cause  short -terms  irregularities. 

In  addition  to  these  cyclical  and  erratic  variations, 
tliere  are  seasonal  swings  in  production  of  coal.  Sea- 
sonal variations  in  the  demand  for  anthracite,  of 
course,  are  extremely  wide.  Some  attempt  to  smooth 
out  the  seasonal  fluctuation  is  made  by  offering  special 
price   discounts   during  the  summer   and   early   fall 


"Cf.  Railtcati  Age.  December  24,  1938,  pp.  916-19,  and  New  Tork 
Times,  .January  1,  1930.  sec.  10,  p.  1. 

'^The  question  of  fluctuations  in  production  of  coal  and  the  relation- 
ship of  such  fluctuations  to  other  factors  is  being  Investigated,  under 
the  direction  of  Dr.  Gardiner  C.  Means,  by  the  Industrial  Section  of  the 
National    Resources   Committee. 


"  This  tendency  is  evident  in  data  collected  by  D.  C.  Ashmead  and 
W.  F.  Whiting  for  the  anthracite  industry  in  a  national  research  project 
being  conriuoted  by  the  Works  Progress  Administration  (report  not  yet 
published). 
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1910      ^n       191?      1913 


1922    1923    SZi    1925    1926     1927    1928    1929    1930    1931    1932 


FiGJTEB  11.- — -Average  Production  of  Bituminous  Coal  per  Worlsing  Day,  by  Months,    1905-37,      (Reproduced    from   Minerals   Yearbook,  19S3,   p.    690.) 


months.  Although  bituminous  coal  production  fluctu- 
ates less  seasonally  than  anthracite  production,  the 
amplitude  of  the  swing  is  comparatively  large.  Produc- 
tion of  bituminous  coal,  typically,  is  only  about  67 
percent  as  large  during  the  lowest  month  of  the  year 
as  it  is  during  the  highest  month. ^'  Consuming  indus- 
tries which  operate  continuously  during  the  year,  of 
course,  provide  a  steady  demand.  Wherever  bitiuni- 
nous  coal  is  consumed  largely  by  residential  usere,  the 
seasonal  fluctuations  are  considerable.  In  the  Middle 
West  and  western  sections  of  the  country,  where  resi- 
dential consumption  is  relatively  more  important  than 
in  the  heavy  manufacturing  sections  of  the  Northeast, 
shipments  of  bituminous  coal  from  the  mines  reach  a 
high  peak  during  the  fall  and  winter  months  and  a  low 
level  during  the  spring  and  sunmier  months  (fig.  13).^* 
Much  of  the  bituminous  coal  produced  in  the  Appa- 
lachian fields  is  shipped  on  the  Great  Lakes.  During 
the  winter  months  lake  traffic  is  suspended;  conse- 
quently all  shipments  have  to  take  place  during  the  open 
season.  This  factor  concentrates  delivery  of  coal  dur- 
ing the  spring,  summer,  and  fall  months  of  the  year. 
Fortunately,  these  months  are,  to  some  extent,  months 
of  slack  demand  from  other  sources.  Accordingly,  the 
lake  trade  helps  to  stabilize  the  seasonal  demand.  Bad 
weather  conditions  sometimes  deter  operation  in  strip, 
or  surface,  mines.  Occasionally  heavy  rains  flood  un- 
derground mines  and  force  suspension  of  operation. 


Figures  representing  averages  or  totals  of  coal  pro- 
duction conceal,  in  part,  the  irregularities  of  operation 
existing  at  individual  mines.  The  problem  of  irregu- 
larity of  operation,  therefore,  cannot  be  adequately 
analyzed  by  reference  to  national  data  or  even  data 
pertaining  to  States  or  other  large  areas.  Wlien  data 
for  various  mines  are  combined,  a  spurious  stability 
is  the  result.  The  problem  of  instability,  therefore, 
needs  to  be  analyzed  by  individual  mines  or  at  least 
for  small  producing  regions.  Individual  operators 
have  the  problem  of  meeting  not  only  a  demand  for 
coal  but  also  a  demand  for  certain  qualities  and  sizes  of 
coal.  Trading  of  coal  to  meet  this  demand  would  help 
to  stabilize  the  output  of  producers,  but  grading  of  coal 
is  insufficiently  developed  and  the  market  too  disor- 
ganized to  encourage  extensive  trading. 

INDEXES  OF  (ANTHRACITE   AND  BITUMINOUS)  COAL 

PRODUCTION    AND   INDUSTRIAL    PRODUCTION. 

IN  THE   UNITED    STATES 

1900-1937 
(1900   EQUALS   100) 

400 


300 


200 


100 


"W.  G.  Fritz  and  T.  A.  Veenstra.  "Snme  Major  Problems  of  the 
Bituminous  Coal  Industry,"  Pittf-hurgli  Business  Review,  December  28, 
1936,  p.  19.  See  also  Mineral  Resources  of  the  United  States,  13S7, 
pt.  II,  pp.  406^07. 

^Minerals  Yearbook,  13S8,  p.  691. 
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FiGURE  13. — Movement  of  Bituminous  Coal  into  Major  Clmnuels  of  Distribution,  by  Moutlis,  1936-37.     (Reproduced  from  Minerals  Yearbook,  193S, 
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Capacity  Changes 

The  coal  industry  normally  operates  with  a  large 
excess  of  capacity.  It  must  be  ready  on  short  notice 
to  meet  heavy  demands.  Coal  ordinarily  is  consumed 
soon  after  it  is  produced,  and,  accordingly,  mines  must 
be  ready  to  adjust  their  output  to  changes  in  the  de- 
mand by  consumers.  There  are  various  ways  of  cal- 
culating capacity  for  production  of  coal.  AVhen  the 
industry  operated  6  days  of  the  week,  the  operating 
schedule  might  include  308  days  during  the  year. 
Mines,  however,  cannot  avoid  some  loss  of  time  result- 
ing from  mechanical  breakdowns,  accidents,  roof  falls, 
failure  of  power,  and  other  circumstances.  F.  G. 
Tryon  has  made  a  study  of  the  operating  performance 
of  2,000  mines  over  a  period  of  5  years  to  determine 
how  much  time  a  typical  mine  loses  during  the  year.'^ 
About  9  days  were  lost  because  of  failures  of  an  acci- 
dental nature.  He  calculated  an  idleness  of  34  days 
resulting  from  more  or  less  unavoidable  seasonal  lulls 


"  Testimony  in  the  Carter  Coal  case,  Supreme  Court  of  the  Unitod 
States.  October  Term,  1935,  No.  036,  Transcript  of  Record,  vol.  I,  pp. 
293-94. 


in  demand.  If  allowance  be  made  for  these  two  fac- 
toi-s,  the  average  number  of  working  days  throughout 
the  year  is  only  265  against  a  total  number  of  avail- 
able days  of  308.  Under  current  wage  agreements  the 
coal  indu.stry  o^Derates  only  5  days  per  week.  Holidays 
falling  within  the  5-day  schedule,  however,  frequently 
are  not  taken.  The  schedule  for  tlie  industry,  there- 
fore, permits  about  261  days  during  the  year.  From 
this  number,  of  course,  some  deduction  must  be  made 
for  seasonal  losses  of  time  and  for  failures  of  acciden- 
tal character.  Perhaps  a  deduction  of  at  least  35  days 
should  be  made  for  these  factors. 

It  is  the  practice,  nevertheless,  to  calculate  the  max- 
imum capacity  of  the  industry  irrespective  of  unavoid- 
able losses  of  time,  that  is,  capacity  is  calculated  to 
represent  how  much  coal  could  have  been  produced  if 
the  mines  had  operated  308  days  under  the  old  schedule 
or  261  days  under  the  current  schedule.  Separate  al- 
lowance is  necessary,  therefore,  for  these  possible  losses 
of  time. 

Overcapacity  in  the  coal  industry  developed  largely 
during  a'ud  after  the  World  War   (figs.  14  and  15). 
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Unusually  high  prices  and  heavy  demand  during  the 
war  years  and  also  post-war  labor  disturbances  contrib- 
uted to  the  creation  of  excess  capacity.  Wartune  condi- 
tions encouraged  investment  in  coal  mines,  and  lack  of 
unionization  in  newly  developed  areas  provided  a  fur- 
ther impetus  when  unions  became  powerful  agencies  in 
the  older  fields.  Maintenance  of  only  small  freight-rate 
differentials  between  long  hauls  and  short  hauls  enabled 
remote  fields  to  compete. 

There  are  numerous  other  factors  conducive  to  the 
creation  of  excess  of  capacity.  The  low  cost  of  opening 
mines  affords  a  temiJtation  for  new  concerns  to  enter 
production  of  coal.  Owing  to  the  existence  of  large 
amounts  of  good  coal  near  the  surface,  it  is  relatively 
easy  and  inexpensive  for  new  competition  to  develop. 
Coal  near  the  mine  mouth  also  is  relatively  the  cheap- 
est to  recover,  excluding  development  costs.  A  second 
factor  is  the  difficulty  of  closing  mines.  If  a  mine  is 
closed,  some  of  the  overhead  cost  must  continue  or  the 
mine  becomes  worthless.  Abandomnent  may  lead  also 
to  loss  of  investment.  Third,  the  existence  of  a  large 
number  of  small  mines  leads  to  uncoordinated  methods 
of  marketing  and  irregularity  of  output.  Fourth,  sea- 
sonal and  other  fluctuations  in  demand  require  the  ex- 
istence of  considerable  capacity  above  the  average 
monthly  requirements.  Fifth,  in  the  early  stages  of 
development  of  a  mine,  operations  may  be  concentrated 
on  the  more  accessible  portions  of  the  bed  and  costs 
may  be  held  to  an  unusually  low  level.  As  the  work- 
ings get  farther  from  the  tipple,  costs  tend  to  rise,  but 
investments  already  made  in  the  mine  lead  to  continued 
operation.  Sixth,  some  companies  have  purchased  coal 
reserves  far  in  excess  of  their  needs  for  many  years  to 
come.    Property  taxes  on  the  holdings  create  a  pres- 
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sure  to  obtain  income  by  working  some  of  the  excess 
leserves.  Seventh,  increasing  mechanization  of  mines 
has  increased  the  output  per  man  per  day.  This  in- 
crease has  tended  to  add  to  the  capacity  of  mines  al- 
ready in  existence.  Eighth,  a  fear  of  railway-car 
shortage,  uncertainty  of  demand  to  be  made  on  stocks 
of  coal  stored,  and  fear  of  strikes  has  led  to  the  develop- 
ment of  excess  capacity. 

Although  the  peak  of  coal  production  was  reached  in 
1918,  capacity  continued  to  grow  until  1923.  The  re- 
sult in  the  bituminous  coal  industry  was  that  the  per- 
centage of  capacity  operations  fell  from  81  in  1918  to 
58  in  1923,  even  though  the  latter  year  was  one  of  large 
output.  Since  1923,  capacity  has  been  declining,  al- 
though not  so  rapidly  as  the  decline  in  production. 
Keduction  of  working  time  in  bituminous  coal  mines 
in  1933  brought  about  a  drastic  reduction  in  capacity 
calculated  on  the  basis  of  the  regular  shifts.  Owing 
to  this  decline  in  capacity,  it  is  not  impossible  that  a 
shortage  of  capacity  may  develop  if  business  shows  a 
sharp  recovery.  A  shortage,  of  course,  may  be  relieved 
by  extension  of  the  number  of  hours  of  work  per 
man  per  week.  The  data  on  rated  capacity  do  not  tell 
the  whole  story  because  idle  mines  are  not  always  per- 
manently lost  to  the  industry.  Some  mines  return  to 
production  as  soon  as  prices  improve.  Kecent  studies 
of  suspensions  have  indicated  that  there  are  numerous 
mines  idle  but  not  abandoned.^"    In  addition,  there  is 


1915  1920 

Figure  14. 


^  Cf,  N.  G.  Alford,  "Analysis  of  Bituminous  Coal  Mines  Suspended 
from  1923  to  1932,  Inclusive,"  Transactions,  American  Institute  of  llin- 
ing  and  Metallurgical  Engineers,  vol.  lOS,  1934,  pp.  476-488.  Data 
lor  1910-21  were  presented  in  Report  of  the  V.  S.  Coal  Commission, 
1925,  pt.  I,  p.  231. 
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widespread  iinemploj-ment  of  miners  who  could  be  put 
to  work  producing  coal  in  the  event  of  shortage.  These 
miners  might  be  employed  on  extra  shifts,  using  prin- 
cipall}'  machinery  already  installed  in  the  mines. 

In  general,  the  problem  of  overcapacity  continues  to 
exist  in  the  bituminous  coal  industry,  although  there 
has  been  some  improvement  because  of  abandonment 
and  exhaustion.  Shorter  hours  also  have  temporarily 
reduced  overcapacity.  On  the  other  hand,  forces  con- 
tinue to  exist  which  tend  to  aggravate  the  problem  of 
overcapacity.  First  among  tliese  forces  are  the  de- 
clining long-term  trend  of  coal  consumption,  the  incen- 
tive toward  further  mechanization,  and  the  pressure 
of  carrying  charges,  such  as  taxes,  on  unused  coal  re- 
serves. Other  factors  tending  toward  maintenance  of 
large  overcapacity  are  the  seasonal  and  cyclical  peaks 
in  the  demand  for  coal,  which  encourage  operators  to 
keep  an  excess  of  capacity ;  the  inelasticity  of  demand, 
which  prevents  consumption  from  expanding  to  absorb 
capacity  when  wages  decrease;  and  wage  diffei'entials 
favoring  mines  that  in  other  respects  are  high-cost 
mines. 

Obviously  overdevelopment  is  accompanied  by  costs 
which  must  be  borne  either  by  tliose  in  the  industry  or 
by  consumers.  Overdevelopment  is  correlated  with  a 
short  work-year  botli  for  capital  invested  in  mines  and 
for  mine  workers.  Both  have  come  to  exjject,  and  to 
demand,  a  full  year's  return  for  not  more  than  two- 
thirds  of  a  year's  work.  The  industry  has  suffered 
heavy  losses  in  the  past,  but,  insofar  as  the  expectations 
and  demands  will  be  met  in  the  future,  the  consumer 
will  be  called  on  to  pay  the  costs  of  overextension. 

Investment,  Income,  and 
Business  Organization 

Nearly  all  tlie  aiitlirucite  production  of  the  country  is 
concentrated  in  the  northeastern  section  of  Pennsyl- 
vania. In  contrast  with  this  concentration,  production 
in  the  bituminous  coal  industry  is  scattered  throughout 
31  States.  During  the  period  1934^36,  13  major  com- 
panies produced  69.4  percent  of  the  total  anthracite 
output  of  Pennsylvania.^^  Most  of  the  production  by 
these  13  companies  was  by  10  railroad  companies, 
although  three  independent  companies  were  also  impor- 
tant producers.  Of  the  production  by  the  13  com- 
panies, 5.")  percent  was  from  lands  owned  in  fee;  14 
percent  was  from  lands  mined  on  a  royalty  basis ;  about 
15  percent  was  produced  by  other  companies  on  lands 
owned  bj'  the  13  companies;  and  the  remaining  16  per- 
cent was  produced  by  other  companies  on  lands  owned 


in  fee  or  leased  from  estates,  individuals,  or  companies 
other  than  the  13  mentioned.-- 

Production  in  the  bituminous  coal  industry  is  nuich 
UKjre  diffuse,  although  the  statistics  on  output  by  size 
of  mine  indicate  also  an  appreciable  degree  of  concen- 
tration. In  1936,  for  example,  6C0  bitmninous  coal 
mines,  or  less  than  one-tenth  of  the  total  number,  with 
an  output  for  the  j'ear  of  200,000  tons  or  more  each, 
produced  almost  70  percent  of  the  total  bituminous  coal 
mined  that  year.=^  The  total  iuun])er  of  bituminous 
coal  mines  producing  1,000  tons  or  more  per  year  for 
which  the  Bureau  of  Mines  was  al)le  to  gather  infor- 
mation for  1936  was  6,875.=  '  The  figure  indicates  a  con- 
siderable increase  over  the  number  found  in  previous 
canvasses,  which  included  6,258  mines  in  1934  and  6.315 
in  1935.  In  part,  the  increase  reflects  the  opening  of  new 
mines,  esiDecially  in  connection  with  the  development 
of  hard  roads  and  cheap  motor  transportation;  but  it 
also  reflects  to  some  extent  more  complete  coverage. 
The  National  Bituminous  Coal  Commission  has  been 
attempting  to  compile  complete  lists  of  all  producers  of 
coal,  irrespective  of  size.  Up  to  November  15, 1938,  code 
acceptances  had  been  received  from  more  than  11,500 
producers.  A  careful  check  of  the  acceptances  has  dis- 
closed numerous  mines  not  previously  listed  by  either 
Federal  or  State  mine  departments.  Included  among 
the  mines  are  some  consumer-owned  mines,  com- 
monly called  "captive  mines."  These  captive  mines  are 
owned  by  relatively  few  consumers,  such  as  iron  and 
steel  companies.  Nevertheless,  the  tonnage  produced 
during  good  j'ears  is  a  considerable  proportion  of  the 
total.  In  1929,  captive  mines  proper  produced  almost 
18  percent  of  the  total  bituminous  coal,  and  mixed  cap- 
tive and  commercial  mines  jDroduced  an  additional  9 
percent." 

Total  investment  in  coal  mining  prol)ably  is  $2,500,- 
000,000  to  $3,000,000,000.  The  figures  on  investment  are 
difficult  to  interpret,  owing  to  the  lack  of  definite  and 
uniform  appraisal  of  mining  property.  Reasonably 
accurate  figures  are  available,  however,  for  the  anthra- 
cite industry.  At  the  end  of  1936  a  total  of  $407,000,000 
investment  in  anthracite  lands,  deposits,  and  other 
property  and  equipment  which  was  used  or  useful  in 
the  production  of  anthracite  was  repoi'ted.^"    It  is  in- 


"  Report  of  the  Anthracite  Coal  Industry  Commission,  Commonwealth 
of  Pennsylvanin.  Flnrrisburg,  June  30,  1938,  pp.  277  and  321-416. 
129900—39 6 


''Ibid.,  pp.  277-278. 

^  Based  on  data  in  Minerals  YearhooTc,  103S,  p.  711. 

=<  Minerals  Ycnrhook,   19SS,  p.   712, 

-^J.  P.  William.f,  Jr.,  "Organization  of  the  Production,  Proces.sing 
and  Distribullon  of  Coal  and  Coal  ProductB,"  Third  World  Power  Con- 
ference, Washington,  1936,  section  II,  Paper  No.  4,  p.  7. 

^Report  of  the  Anthracite  Coal  Industry  Commission,  op.  cit.,  p.  279. 
Tlicse  data  agree  relalivoly  well  with  those  reported  by  the  Pennsyl- 
vania tK'partment  of  Internal  Affairs  (Report  on  Productive  Indus- 
tries, Public  Utililirs,  and  Miscellaneous  Statistics,  1929,  p.  128)  and 
with  the  earlier  figures  compiled  by  the  United  States  Coal  Commission 
(see  Report  of  the  United  fttates  Coal  Commission,  1925,  Part  I,  p.  74  ; 
Part  II,  pp,  93,'>-940  and  945). 
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teresting  to  observe  that  much  more  than  half  the  total 
investment  consists  of  the  estimated  value  of  anthracite 
lands  and  deposits.  The  figure  for  this  investment  is 
250  million  dollars,  whereas  that  for  other  property  and 
equipment  is  only  157  million  dollars.  Much  less  reli- 
able information  on  investment  is  available  for  the 
bituminous  coal  industry.  It  is  possible,  however,  to 
piece  together  from  various  sources  fi-agments  of  infor- 
mation bearing  on  investment. ^^  If  this  be  done,  a 
figure  ranging  from  2  billion  dollars  to  2^2  billion 
dollars  appears  to  be  a  reasonable  estimate. 

In  years  of  active  business,  the  coal  industry  com- 
monly has  an  income  exceeding  1  billion  dollars.  In 
1929  the  total  value  of  coal  at  the  mine  was  1,339,000,- 
000  dollars.^^  Of  this  amount,  386  million  dollars  rep- 
resented the  value  of  Pennsylvania  anthracite  at  the 
mine,  and  the  remaining  953  million  dollars  that  of 
bituminous  coal.  Total  value  for  1936,  the  latest  year 
for  which  data  are  available,  was  994  million  dollars, 
this  being  represented  by  226  million  dollars  for  Penn- 
sylvania anthracite  and  768  million  dollars  for  bitu- 
minous coal.^^  The  anthracite  industry  showed  a  net 
income  until  1932.  The  consolidated  net  income  for 
companies  producing  rouglily  nine-tenths  of  the  total 
anthracite  was  34  million  dollars  in  1926,  15  million 
dollars  in  1929,  and  9  million  dollars  in  1931.'°  In 
1932,  however,  a  deficit  of  about  11  million  dollars  was 
incurred.  This  deficit  was  curtailed  somewhat  in  the 
succeeding  years.  In  1934  it  was  less  than  2  million 
dollars,  but  in  1935  it  increased  to  more  than  10  mil- 
lion dollars. 

Bituminous  coal  mines  began  to  show  annual  deficits 
earlier  than  did  the  anthracite  mines.  The  data  re- 
fiecting  on  this  point  are  not  complete  for  all  years; 
but  it  is  known  from  the  income  tax  reports  that  a 
deficit  was  incurred  as  early  as  1925 ;  and,  even  in  1929, 
a  year  of  unusually  active  business,  the  returns  showed 
a  net  deficit.^^  Losses  increased  during  the  depres- 
sion until  1933,  when  a  slight  upturn  was  shown.  The 
record  for  1934  and  1935  was  better  than  that  for  any 
preceding  year  except  the  predepression  years.  The 
bituminous  coal  industry  showed  an  enormous  net  in- 
come during  the  period  from  1917  to  1921.  In  fact, 
during  this  period,  amiual  net  income,  according  to  the 


^  See  the  Report  of  the  United  States  Coal  Comtiiisaion,  op.  cit.. 
Part  IV,  pp.  2519-2707,  cspeeiaUy  pp.  2528-2529.  Pennsylvania  De- 
partment of  Internal  Affairs  reports  for  1929  capital  investment  in  the 
bituminous-coal  industry  of  Pennsylvania  amounting  to  $493  mUllon ; 
Report  on  Productive  Industries,  Public  Vlilities,  and  Itiscellaneou-i 
Statistics,  1929,  p.  128. 

"  Minerals  Resources,  19S0,  Part  II,  pp.  614-15. 

"Minerals  Yearbook,  19Sn,  pp.  794  and  868. 

'"Report  of  the  Anthracite  Coal  Industry  Commission,  op.  cit.,  p.  316. 

='  Compilations  of  the  U.  S.  Treasury  Department.  CI.  Minerals 
Yearbook,  ISSS,  p.  697. 


tax  returns,  averaged  more  than  100  million  dollars 
per  year. 

Taxation 

It  is  often  contended  that  the  coal  industry  bears 
an  exceptionally  heavy  burden  of  taxation.  The  major 
portion  of  the  taxes  collected  are  State  and  local 
taxes  assessed  against  coal  lands  and  resources.  Un- 
utilized resources,  therefore,  must  bear  the  burden  of 
taxation  the  same  as  resources  actually  being  worked. 
In  1935  State  and  local  taxes  in  the  anthracite  industry 
amounted  to  26  cents  per  ton  out  of  a  total  production 
cost  of  $4.45  per  ton,  and  in  1924  they  were  28  cents 
out  of  a  production  cost  of  $5.47  per  ton.'^  For  a 
period  of  yeai-s,  Pennsylvania  levied  a  tonnage  tax 
against  anthracite  production,  but  m  1932  the  tax  was 
discontinued.^'  Information  assembled  by  the  Na- 
tional Recovery  Administration  indicates  that  the  per- 
ton  tax  bill  of  the  bituminous  coal  industry  is  much 
lower  than  that  of  the  anthracite  industry.  During 
the  period  from  April  1934  to  either  December  1934 
or  January  1935  taxes  on  property  and  equipment  in 
the  bituminous  coal  industry  amounted  to  approxi- 
mately 3  cents  per  ton  against  a  total  production  cost 
of  approximately  $2  per  ton."  These  figures  on  taxa- 
tion indicate  that  a  shift  of  the  taxes  from  a  resource 
basis  to  a  tonnage-production  basis  probably  would  be 
possible  without  placing  an  excessive  burden  on  cur- 
rent production. 

Life  Expectancy  of  Mines 

The  mortality  rate  among  coal  mines  is  notoriously 
high.  Unfortunately,  data  collected  do  not  reflect  ade- 
quately this  mortality,  because  they  pertain  principally 
to  the  larger  and  more  stable  mining  companies.  It  is 
known,  however,  that  each  year  a  large  number  of 
mines  are  abandoned  either  temporarily  or  perma- 
nently." The  United  States  Coal  Commission  in  1923 
made  a  study  of  the  probable  life  of  certain  mines.  It 
was  found  that  the  average  life  expectancy  of  bitumi- 
nous coal  mines,  excluding  abandonment,  ranged  from 
about  12  years  in  some  of  the  western  mines  to  about 
46  years  in  the  Alabama  mines.  Bituminous  coal  mines 
of  West  Virginia  reported  a  life  expectancy  of  42 
years;  those  in  Maryland,  Kentucky,  Virginia,  and 
Tennessee,  43  years;  Illinois  and  Indiana,  32;  Pennsyl- 
vania, 29 ;  and  Oliio,  24  years.  The  average  age  of  the 
mines  studied  ranged  from  11  years  in  the  western 
fields  to  about  20  years  in  the  older  eastern  fields."^ 


"Report  of  the  Anthracite  Coal  Industry  Commission,  op.  cit.,  p.  317. 
"Ibid.,  p.  316. 
"  Williams,  op.  cit.,  p.  43. 
^  N.  G.  Alford.  op.  cit.,  pp.  476-88. 

^Report    of    the    United   States    Coal    Commission,    1935,    Part    III, 
p.  1433. 
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Labor  Problems 

One  of  the  cliief  problems  of  the  coal  industry  is  the 
excessive  number  of  miners  dependent  on  it  for  a  liv- 
ing. Temporarily  large  demand  during  and  inmiedi- 
ately  after  the  World  War  led  to  an  oversupply  of 
labor  in  the  industry.  Post-war  labor  disturbances  in 
the  old  and  more  strongly  unionized  fields  induced  em- 
ployment of  new  workers  in  nonunion  mines.  The  de- 
clining trend  in  coal  production  and  the  increased 
mechanization  of  mines  are  further  factors  responsible 
for  an  excessive  number  of  workei-s.  Many  of  the  diffi- 
culties of  the  industry,  such  as  low  wages,  long  hours, 
loss  of  time,  poor  standards  of  living,  strikes,  and 
restrictions  of  civil  liberties  have  been  attributable  in 
part  to  tlie  surplus  of  miners.  With  the  exception  of 
tlie  past  several  years,  the  coal  industry  has  had  a  poor 
labor  record,  the  history  being  marred  by  numerous 
disputes  between  miners  and  operators.  For  many 
years  unions  have  been  attempting  to  improve  the  con- 
ditions of  the  miners.  During  and  immediately  after 
the  World  War  the  strength  of  the  United  Mine  Work- 
ers of  America  increased  rapidly.  Even  many  of  the 
decidedly  nonunion  fields  were  unionized.  Failure  to 
reach  agreement  in  1922  led  to  widespread  strikes. 
The  outcome  was  the  breaking  of  the  strength  of  the 
union  in  the  southern  fields  but  the  raising  of  wages 
in  the  northern  fields.  In  1924  the  relatively  high  level 
of  wages  in  the  unionized  fields  was  continued  by  the 
so-called  Jacksonville  agreement,  but  defection  of  op- 
erators from  the  agreement  began  almost  immediately. 
Northern  fields  rapidly  lost  tonnage,  and  many  mines 
closed  down  and  reopened  later  on  a  nonunion  basis. 
By  1927  the  strength  of  the  United  Mine  Workers  in 
tile  northern  fields  was  materially  reduced.  During 
1928-29  the  union  was  weak  in  all  except  a  few  fields 
in  Ohio,  Illinois,  and  some  of  the  mountain  States. 
The  union  continued  to  lose  strength  during  the  early 
years  of  the  depression,  but  even  many  operators  de- 
sired its  rehabilitation  to  stabilize  the  wage  structure. 
Its  revival  dates  from  the  inauguration  of  the  codes 
under  the  National  Industrial  Kecovery  Act.  Member- 
ship in  the  United  Mine  Workers  increased  from  57 
jiercent  of  total  employment  in  the  bituminous  coal 
industry  in  1933  to  87  percent  in  193-1,  and  its  status 
was  converted  from  that  of  a  weak  organization  to 
that  of  a  potent  factor  in  collective  bargaining.^'  Fur- 
ther gains  in  strength  were  recorded  under  the  Bitu- 
minous Coal  Conservation  Act  of  1935,  which  was  later 


declared  unconstitutional  by  the  Supreme  Court.  The 
Bituminous  Coal  Act  of  1937  did  not  provide  directly 
for  unionization,  but  the  elimination  of  this  provision 
was  not  opposed  by  the  union.  This  action  apparently 
indicates  a  belief  on  the  part  of  the  union  that  it  has 
sufficient  strength  to  support  its  own  demands  under 
the  National  Labor  Kelations  Act. 

Almost  revolutionary  changes  have  occurred  in 
wages  and  hours  in  the  coal  industry  since  1933.  In 
1932  the  normal  operating  schedule  in  the  anthracite 
industry  called  for  48  hours  per  week,  and  a  normal 
schedule  in  the  bituminous  coal  industry  was  48.6 
hours.''  Average  full-time  hours  per  week  in  the  bitu- 
minous coal  industry  were  reduced  to  40  in  1933,  to 
35.1  in  1934,  and  to  about  35  in  1937;  whereas  in  the 
anthracite  industry  a  schedule  of  48  hours  was  main- 
tained until  May  1,  1937,  when  a  35-hour  schedule  was 
adopted.  In  the  decade  before  the  World  War  the 
work  week  consisted  of  54  hours  for  unionized  mines 
in  the  anthracite  industry  and  of  about  52  hours  in 
bituminous  coal  mines.  The  anthracite  industry 
worked  on  a  60-hour  schedule  until  April  1,  1903, 
and  the  bituminous  coal  industrv  until  the  earlv  part 
of  1897. 

Current  hours  of  work  in  tlie  coal  industry  are  much 
shorter  than  those  in  most  other  major  industries. 
Owing  to  drastic  reduction  in  hours,  the  argument  for 
further  limitations  on  the  basis  of  physiological  con- 
siderations seems  to  have  lost  most  of  its  force,  even 
though  coal  mining,  it  must  be  recognized,  is  arduous 
work. 

Recent  labor  data,  reported  by  the  United  States 
Bureau  of  Labor  Statistics,  indicate  a  highly  favorable 
position  for  the  coal  industry  with  respect  to  average 
hourly  earnings  but  a  comparatively  unfavorable  posi- 
tion in  terms  of  average  hours  of  work  per  week  and 
average  weekly  earnings.  Average  hourly  earnings 
were  88.8  cents  per  hour  in  the  bituminous  coal  indus- 
try and  90.8  cents  per  hour  in  the  anthracite  industry 
(not  including  bootleg  mines  which  paid  lower  wages) 
during  August  1938,  whereas  average  hourly  earnings 
in  all  manufacturing  industries  combined  were  only 
62.9  cents.'"  A  very  different  i-elationship  is  shown, 
however,  in  earnings  and  in  working  time.    In  these. 


"  Cf.  National  Labor  Kelations  Board.  Division  of  Economic  Re- 
search, The  EfTcct  of  Laior  Relations  in  the  Bituminous  Coal  Industry 
upon  Interstate  Commerce,  Bulletin  No.  2,  June  30,  1938,  pp.  40-46; 
also  WiUiams,  op.  cit.,  p.  10. 


"  Leo  Wolman.  Uours  of  Work  in  American  Industry,  National  Bu- 
reau of  Economic  Research,  Bull.  71,  November  27,  1938,  New  Yorls, 
p.  2. 

"Monthly  Labor  Review,  November  1938,  pp.  11G3  and  1169.  Earn- 
ings in  the  bituminous  coal  industry  were  79.5  cents  per  hour  in  the 
last  quarter  of  1924  and  only  41.2  cents  In  February  1933  (F.  E.  Ber- 
quist  and  Associates,  Economic  Survey  of  the  Bituminous  Coal  Indus- 
try Under  Free  Competition  and  Code  Regulation,  N.  R.  A.  Worli  Ma- 
terials No.  69.  vol.  I,  March  1936.  pp.  1-2).  The  data  on  average? 
hours  in  coal  mines  do  not  include  time  spent  (average  about  45  min- 
utes) in  going  to  and  from  the  mine  face  (Cf.  Monthly  Labor  Review, 
November  1937,  p.  5). 
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the  comparison  is  unfavorable  to  both  the  bituminous 
coal  and  the  anthracite  industries.  Hours  of  woi-k  per 
week  were  only  23.6  for  bituminous  coal  mines  and  only 
18.6  for  anthracite  mines,  against  36.3  hours  for  manu- 
facturing. Average  weekly  earnings  were  $21.38  for 
bituminous  coal  and  $17.35  for  anthracite,  against 
$22.84  for  manufacturing. 

If  it  be  accepted  that  the  average  skill  required  for 
coal  mining  is  not  higher  than  the  average  skill  re- 
quired of  labor  in  manufacturing,  the  higher  average 
hourly  earnings  in  the  coal  industi-y  are  exj)lained  not 
on  the  basis  of  reward  for  skill  but  solely  on  the  basis 
of  greater  bargaining  power.  In  any  event,  the  unem- 
ployment problem  among  coal  miners  is  considerably 
more  pronounced  than  that  in  other  industries  generally. 
In  fact,  somewhat  extensive  unemployment  of  miners 
existed  before  the  onset  of  the  general  depression  after 
1929. 

In  general,  the  tendency  in  the  coal  industry,  during 
the  past  several  years,  has  been  toward  rapid  reduc- 
tion of  hours  and  rapid  increases  in  hourly  wage  rates. 
Since  the  bituminous  coal  industry  was  incurring  defi- 
cits in  previous  years,  none  of  the  increase  in;  wage 
costs  could  be  absorbed  by  the  operators.  The  higher 
rates  have,  undoubtedly,  attended  higher  coal  prices; 
they  have  encouraged  a  shift  to  competing  fuels;  and 
they  have  encouraged  the  introduction  of  labor-saving 
mechanical  eciuipment  into  mines,  thereby  resulting  in 
further  unemployment.  A  similar  rise  in  unit  wage 
rates  of  laborers  employed  in  the  production  of  mine 
equijiment  and  of  laborers  emploj'ed  in  the  production 
of  competing  fuels  would,  of  course,  tend  to  restore  the 
balance  of  competition  existing  previously. 

These  comparisons  of  wage  rates,  of  course,  do  not 
indicate  that  a  complete  reversal  of  policy  should  be 
introduced,  but  they  do  indicate  that,  if  a  balanced  de- 
velopment of  energy  resources  is  to  continue,  action 
taken  in  the  coal  industry  should  be  accompanied  by 
equally  effective  action  in  competing  industries.  This 
factor  is  of  paramount  importance  in  attempts  to  pro- 
vide a  stability  for  the  coal  industry  sufficient  to  enable 
conservation  measures  to  be  introduced.  It  seems  clear 
that  the  problem  of  imemployment  in  the  coal  indus- 
trj'  cannot  be  rectified  within  the  industry  itself.  It  is 
inconceivable  that  consumption  of  coal  can  be  stimu- 
lated sufficiently  by  any  practicable  devices  to  lead  to 
reemployment  of  all  unemployed  miners.  Reduction 
of  prices  will  not  result  in  expansion  of  demand  ade- 
quate to  provide  the  industry  a  larger  income  for  dis- 
tribution among  a  larger  employed  mine  population. 
Increase  of  prices,  on  the  other  hand,  results  in  further 
loss  of  markets  to  competing  fuels. 


Mechanization 

Coal  operators  are  continuously  seeking  ways  of  re- 
ducing costs,  and  this  search  leads  to  the  introduction 
of  technological  improvements.  Coal  mining  used  to 
be  largely  a  hand  operation.  There  has  been  a  trend, 
however,  toward  increasing  mechanization  of  produc- 
tion  (fig.  16).'"'     One  of  the  earliest  ty^Jes  of  mech- 
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Figure  16. — Employment,  Working  Time,  Mechanization,  and  Output 
Per  Man  at  Bituminous  Coal  Mines,  1900-1937.  (Reproduced  from 
MineraU  Yearhook,  19S8,  p.  714.) 

anization  is  represented  in  machines  developed  to  cut 
the  coal  preparatory  to  breaking  it  loose  from  the  bed. 
This  type  of  mechanization  has  had  a  steady  develop- 
ment. In  1913,  50  percent  of  the  bituminous  coal  mined 
underground  was  cut  by  machines.  By  1920  the  per- 
centage had  increased  to  60,  and,  at  the  present  time, 
it  is  about  85.  Less  than  10  percent  of  the  bituminous 
coal  taken  from  underground  workings  is  now  mined 
by  hand.  Some  bituminous  coal,  also,  is  shot  off  the 
solid  bed  without  preliminary  cutting  either  by  ma- 
chine or  by  hand.  The  percentage,  however,  is  de- 
creasing rapidly  as  is  indicated  by  the  fact  that,  in 
1920,  16.9  percent  was  shot  off  the  solid,  whereas,  in 
1936,  only  4.4  was  broken  loose  that  way.  Machine 
methods  for  cutting  coal  are  applied  much  less  exten- 
sively in  anthracite  mines  than  in  bituminous  coal 
mines,  for  the  reason  that  the  beds  are  more  irregular 


<°  Extensive  tabulations  of  recent  data  on  mechanization  are  given  in 
Coal  Mine  MechanizaHon  Yearbook,  19S8,  pp.  65-78. 
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and  the  coal  is  much  harder.  Less  than  5  percent  of  the 
anthracite  taken  from  underground  woi-kings  is  cut  bj^ 
niadiine. 

Electrification  of  mine  haulage  is  another  form  of 
mechanization  that  has  made  rapid  strides  in  the  post- 
war period.  Main-line  haulage  is  electrified  in  nearly 
all  the  larger  mines.  Electrification  not  only  permits 
more  rapid  haulage  but  it  also  enables  haulage  of  larger 
tonnages  on  each  trip.  Although  electrified  haulage  is 
widely  used  for  gathering  mine  cars  from  the  various 
working  places,  nudes,  horses,  or  ponies  are  still  used 
for  that  purpose  in  many  mines.  There  is  also  some 
other  mechanized  haulage,  such  as  that  with  gasoline 
tractors. 

One  of  the  most  advanced  forms  of  mechanization 
of  mining  is  represented  in  the  strip,  or  open  pit, 
mines.  These  mines  are  mechanized  almost  100  per- 
cent. Large  power  shovels  are  used  to  remove  the 
overburden  of  rock  and  soil,  and  smaller  power  shov- 
els are  used  for  loading  the  coal  into  cars.  Handwork, 
if  it  exists  at  all,  usually  is  limited  to  clean-up  work. 
Introduction  of  larger  and  more  powerful  shovels  has 
enabled  strip  mining  to  reach  coal  at  greater  depths. 
As  a  result,  the  proportion  of  bituminous  coal  mined 
in  this  way  increased  from  1.6  percent  in  1920  to  7.0 
percent  in  1936.  Electrification  has  played  an  impor- 
tant part  in  strip  mining  as  it  has  in  underground 
mining.  Electric  shovels  are  increasing  in  number  as 
well  as  in  size,  whereas  the  use  of  steam  shovels  is 
declining  rapidly. 

Until  the  early  1920's,  almost  all  the  coal  mined  was 
loaded  by  hand.  jMechanical  loaders  began  to  attract 
wide  attention  in  1923.  In  that  year  the  amount  of 
bituminous  coal  loaded  by  the  machines  was  slightly 
less  tiiaii  2  million  tons.  In  192!)  meciianical  loading 
ill  liituiiiinous  coal  mines  amounted  to  38  nnllion  tons. 
.'Vlthough  the  actual  tonnage  handled  by  the  machines 
in  the  several  subsequent  years  did  not  increase  sub- 
stantially, the  percentage  of  total  tonnage  handled 
showed  a  large  gain,  owing  to  the  recession  in  total 
mining.  Since  1934  not  only  the  total  tonnage  handled 
by  loading  machines  has  increased  but  also  the  propor- 
tion of  the  total.  The  percentage  of  underground  ton- 
nage handled  in  bituminous  coal  mines  rose  from  12  in 
1934  to  19  in  1937,  and  the  actual  tonnage  increased 
from  41  million  in  1934  to  83  million  in  1937.  Con- 
veyor loading  is  more  important  in  anthracite  mines 
than  in  bitimiinous  coal  mines,  but  the  machines  are 
relatively  simple;  the  more  highly  mechanized  mobile 
loaders  are  not  used. 

Rapid  gains  in  mechanized  loading  liave  occurred 
in  the  bituminous  coal  mines  since  improvements  have 
been  made  in  the  mobile  loaders.     The  number  of  these 


loaders  in  bituminous  mines  increased  from  488  in  1929 
to  534  in  1934  and  to  980  in  1936.  Further  increases 
are  indicated  for  1937,  owing  to  the  fact  that  292  addi- 
tional machines  were  jjurchased  in  that  year.  Hand- 
loaded  conveyors  also  ai-e  showing  marked  increases 
in  bituminous  mines,  the  number  of  such  conveyors 
having  risen  from  525  in  1933  to  936  in  1936.  The 
total  number  in  1936  of  all  types  of  conveyors  in  bitu- 
minous c«jal  mines  was  1,170,  but  purchases  in  1937 
alone  amounted  to  an  additional  835  machines.  A  dif- 
ferent condition  exists  in  the  anthracite  mines,  in  which 
no  mobile  loaders  are  used.  There  were,  in  1936,  1,790 
conveyors,  usually  of  simple  design,  in  use  in  such 
mines,  but  purchases  in  1937  amounted  to  only  260 
machines  in  contrast  with  the  835  machines  for  bitu- 
minous coal  mines.  Scrapers  are  used  extensively  in 
anthracite  mines.  There  were  504  in  use  in  1936 
against  only  106  in  use  in  bituminous  coal  mines. 

The  introduction  of  mechanized  loading  will  have 
widespread  effects  on  employment.  Because  hand 
loading  is  the  largest  single  source  of  employment  in 
mines  at  the  present  time,  the  introduction  of  ma- 
chines will  displace  a  large  number  of  miners.  Al- 
though more  persons  will  be  employed  in  the  manu- 
facture of  machines,  it  is  unlikely  that  the  displaced 
miners  will  shift  to  machine  making.  Consequently, 
mechanization  of  loading  will  have  a  disrupting  effect 
on  employment. 

Mechanical  methods  of  loading  have  the  disadvan- 
tage of  loading  rock  and  other  debris  as  well  as  loading 
the  coal.  There  is  little  opportunity  for  the  miners 
to  pick  out  the  debris  before  the  coal  is  loaded  on  the 
cars.  As  a  result,  it  has  become  necessary  to  introduce 
more  extensive  cleaning  of  the  coal  after  it  has  been 
brought  to  the  surface.  Cleaning  of  coal,  as  it  is  done 
at  the  present  time,  is  mechanized  to  a  very  large  ex- 
tent. The  amount  of  bituminous  coal  cleaned  in  1929 
was  37  million  tons,  and  there  were  some  gains  during 
the  depression.  By  1935  the  tonnage  was  about  45 
million.  Since  then,  gains  have  been  accelerated.  In 
1937  a  total  of  65  million  tons  of  bituminous  coal  was 
cleaned  by  mechanical  methods.  About  five-sixths  of 
the  total  was  cleaned  by  wet  methods  and  the  remain- 
ing one-sixth  by  pneumatic  methods.  The  65  million 
tons  is  15  percent  of  the  total  in-oduction  in  1937.  The 
percentage  of  coal  mechanically  cleaned  varies  mark- 
edly from  State  to  State.  In  1936,  81  percent  of  the 
Alabama  coal  and  66  percent  of  the  Washington  coal 
was  so  cleaned,  whereas,  in  the  two  leading  producer 
States,  the  percentage  was  considerably  smaller.  The 
proijorfion  in  Peinisylvania  was  only  20  percent  and 
that  in  West  Virginia  only  13  percent. 

Preparation  of  coal  long  has  been  a  part  of  the 
regular  routine  of  the  anthracite  industry.    The  com- 
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paratively  large  percentage  of  slate  and  other  impuri- 
ties mixed  with  anthracite  makes  it  necessary  to  pick 
out  such  impurities  by  hand,  especially  where  it  ad- 
heres to  the  coal,  or  to  separate  it  by  mechanical 
methods. 

Sizing  of  coal  is  almost  completely  mechanized,  and 
the  possibility  of  further  mechanization  is  limited, 
therefore,  to  the  introduction  of  equipment  capable  of 
handling  larger  tonnages. 

On  casual  observation,  it  may  appear  that  the  possi- 
bilities of  mechanization  in  the  coal  industry  are  almost 
limitless.  More  careful  study,  however,  indicates  some 
very  definite  limitations.  Lack  of  uniformity  in  the 
occurrence  of  coal  is  undoubtedly  a  handicap  to  mass 
production  methods.  Anthracite  mines  are,  as  a  rule, 
less  mechanized — they  use  simpler  machines — than 
bituminous  coal  mines,  for  the  reason  that  the  occur- 
rence of  the  coal  is  much  more  highly  variable.  Ac- 
cordingly, the  possibilities  of  mechanization  are 
conditioned  by  the  extent  to  which  beds  of  relatively 
imiform  coal  can  be  found.  Exhaustion  of  the  better 
beds  will  increase  the  problems  of  mechanization.  It 
is  true,  nevertheless,  that  mechanization  will  be  the 
most  economical  means  for  recovering  inferior  beds 
and  will  become  an  increasingly  important  factor  in 
their  recovery. 

Transportation  of  Coal 

Production  and  transportation  of  coal  are  interde- 
pendent. Coal  constitutes  more  than  one-third  of  the 
carload  freight  tonnage  of  railroads  and  usually  yields 
20  to  25  percent  of  the  total  carload  freight  revenue. 
On  the  average,  the  railway  freight  bill  for  the  por- 
tion of  bituminous  coal  actually  sliipped  as  revenue 
freight  exceeds  the  mine  price.  In  1936,  for  example, 
the  average  railwaj"  freight  on  bituminous  coal  was 
$2.25,  whereas  the  average  value  of  the  coal  at  the 
mine  was  $1.77.  Anthracite  has  a  higher  value  per  ton, 
but,  because  of  nearness  to  New  York  City  and  other 
eastern  markets,  it  is  hauled  shorter  distances.  The 
average  value  at  the  mine  in  1935  was  $4.29,  and  the 
average  railroad  freight  was  $1.66  per  ton. 

In  1936,  84  percent  of  the  bituminous  coal  was 
shipped  by  railroad,  slightly  less  than  6  percent  by 
river,  and  slightly  more  than  6  percent  by  truck  or 
wagon;  use  at  the  mine  for  power,  heating,  or  coke 
making  accounted  for  a  little  more  than  1  percent  of 
the  total;  and  sales  to  local  trade,  amounts  used  by 
employees,  and  loadings  by  locomotives  at  the  tipple  ac- 
counted together  for  a  little  more  than  2  percent  of  the 
total.  Anthracite  shows  similarly  small  percentages 
for  coal  used  at  the  mine;  the  remainder  is  shipped 
largely  by  rail,  although  trucks  are  used,  especiallj'  for 
the  more  than  2,000,000  tons  of  bootleg  coal. 


In  1935  the  average  length  of  haul  of  bituminous 
coal  by  railroads  was  188  miles,  whereas  that  of  anthra- 
cite was  116  miles.  All  commodities  combined  were 
transported  199  miles.  Fruits  and  vegetables,  to  point 
out  one  contrasting  example,  traveled  481  miles.  An 
average  carload  of  bituminous  coal  was  52  tons  and  of 
anthracite  49  tons.  The  tonnage  varied  considerably 
among  the  regions.  In  the  Pocahontas  region,  for  ex- 
ample, the  average  load  was  58  tons,  whereas  in  the 
western  region  it  was  only  44  tons.  A  comparatively 
small  dead  weight  is  involved  in  the  transportation  of 
coal.  The  weight  of  the  car  constitutes  about  30  per- 
cent of  the  combined  weight  of  the  car  and  the  coal. 
Among  other  commodities,  the  weight  of  the  car,  on  the 
average,  considerably  exceeds  the  weight  of  the  com- 
modities. 

There  are  very  few  commodities  for  which  the  ratio 
of  freight  to  the  value  of  the  commodity  is  higher  than 
for  coal.  In  1935  this  ratio  was  123  percent  for  bitu- 
minous coal.  In  contrast  with  this  high  percentage  is 
the  percentage  of  only  11  for  agricultural  products. 
This  high  ratio  for  coal,  of  course,  reduces  the  burden 
of  claims  for  damages.  For  bituminous  coal  these 
claims  are  usually  less  than  16  cents  for  each  hundred 
dollars  of  revenue  obtained  for  coal  transportation. 

Trucking  of  coal  has  been  encouraged  by  relatively 
high  railroad  freight  rates  for  short  hauls.  Long  hauls 
pay  proportionately  much  lower  rates  than  do  the 
shorter  hauls.  The  fi'eight  rate  per  ton-mile  between 
the  Belleville,  111.,  producing  district  and  St.  Louis,  a 
distance  of  15  miles,  was,  before  the  imposition  of 
emergency  increases,  70  mills  per  ton-mile.  On  the 
other  hand,  the  rate  for  coal  transported  between  the 
Pocahontas,  W.  Va.,  district  and  Chicago,  a  distance  of 
582  miles,  was  5.31  mills  per  ton-mile." 

Large  tonnages  of  coal  are  shipped  from  the  Appa- 
lachian fields  to  Lake  Erie  for  trans-shipment  by  lake. 
Freight  rates  for  shipments  from  the  producing  fields 
to  the  lower  lake  ports,  therefore,  indicate  what  effect 
the  freight-rate  structure  has  on  the  shipment  of  these 
comparatively  large  tonnages.  The  rate  from  the  Ohio 
No.  8  field  to  Toledo  is  $1.43,  and  the  average  haul  is 
185  miles.  The  rate  from  the  Pittsburgh  field  to  Ash- 
tabula, Ohio,  is  $1.46,  and  the  average  haul  is  159  miles. 
That  from  the  McKoberts  field  in  Kentucky  to  Toledo 
is  $1.81,  and  the  average  haul  is  471  miles.  In  these 
rates  no  account  is  taken  of  the  emergency  charges  in- 
troduced in  recent  years.  In  the  Holmes  and  Hal- 
loweU  case,  the  Interstate  Commerce  Commission  pre- 
scribed a  mileage  scale  for  transportation  of  bitumi- 


*^  W.  H.  Young,  "Truck  Movement  of  Coal  from  Mines,"  reprint  from 
Proceedings  of  Third  Pennsylvania  Minerals  Conference  (Coal  Bection), 
November  10-11,  193S,  Pennsylvania  State  College  Bulletin  15,  p.  6. 
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nous  coal.*=  On  tlie  long  hauls,  those  exceeding  about 
130  miles,  the  scale  calls  for  an  additional  charge  of 
about  seven-tentlis  of  a  cent  per  ton  per  mile  for  addi- 
tional distances.  Rates  such  us  those  established  for 
the  shipments  to  the  lakes,  of  course,  almost  completely 
disregard  an  approximate  mileage  scale  such  as  that 
established  in  the  Holmes  and  Uallowell  case.  The 
United  States  Coal  Commission  in  1923  called  attention 
to  the  tendency  of  the  freight-rate  structure  to  favor 
the  more  distant  fields.  In  general,  field.s  in  Illinois, 
Indiana,  Ohio,  northern  West  Virginia,  and  Pennsyl- 
vania are  denied  the  advantage  in  the  freight-rate 
structure  of  favorable  location  with  respect  to  markets. 
Some  readjustment  of  freight  rates  has  been  made  since 
the  1923  report.  The  changes,  however,  have  been  of 
minor  importance.  The  conclusions  of  the  Commis- 
sion, therefore,  are  as  applicable  at  the  present  time  as 
they  were  when  the  report  was  issued. 

Storage 

Bituminous  coal  is  stoi'ed  almost  exclusively  by  car- 
riers, retail  dealers,  and  consumers.  Anthracite,  on  the 
other  hand,  is  stored  to  some  extent  in  producers'  stor- 
age yards.  At  the  beginning  of  1938,  for  example, 
2,150,000  tons  of  anthracite  were  stored  in  the  hands  of 
producers.  There  is  also  some  storage  of  botli  bitumi- 
nous coal  and  anthracite  at  lake  docks. 

Electric  j»iblic  utilities,  byproduct  coke  producers, 
steel  companies,  manufactured  gas  companies,  cement 
plants,  and  railroads  keep  on  hand  large  stocks  of  bi- 
tuminous coal.  Total  stocks  of  bituminous  coal  in  the 
hands  of  industrial  consumers  amounted  to  39,000,000 
tons  at  the  end  of  1937.  There  were  also  at  that  time 
slightly  more  than  8,000,000  tons  at  commercial  docks 
on  Lake  Superior  and  Lake  Michigan.  Coal  in  transit 
also  constitutes  a  form  of  storage  which  normally  ac- 
counts for  more  than  9,000,000  tons. 

Storage  of  coal  varies  considerably,  depending  on 
the  seasons  of  the  year.  Stocks  nearly  always  in- 
crease during  the  last  half  of  the  year  and  decrease 
during  the  first  half.  A  low  point  ordinarily  is  reached 
at  the  same  time  that  production  is  at  low  ebb.  Sea- 
sonal swings  are  sometimes  accentuated  by  the  fear  of 
consumers  of  a  shortage  during  the  peak  months  of 
the  year.  Storage  is  usually  large  when  there  are 
threats  of  strikes,  and,  of  course,  actual  suspensions  are 
usually  pi'eceded  by  accumulation  of  stocks.  As  far  as 
can  be  determined,  storage  has  no  leveling  effect  on  the 
cyclical  fluctuations  of  coal  production.  On  the  con- 
trary, stocks  are  usually  at  low  ebb  during  a  period  of 
depression  and  at  a  peak  during  a  period  of  prosperity. 
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Consequently,  cyclical  fluctuations  in  tlie  accumulation 
and  depletion  of  stocks  tend  to  aggravate  cyclical  fluc- 
tuations in  production. 

It  is  probably  not  practicable  to  attempt  to  obliterate 
the  fluctuations  in  coal  production  by  storage.  Coal  is 
extremely  bulky,  and  storage  capacity,  sufficient  to  have 
a  marked  effect  on  production,  would  require  a  prohibi- 
tive investment.  Furthermore,  storage  of  bituminous 
coal  is  attended  by  risk  of  spontaneous  ignition,  and 
it  also  results  in  degradation  or  loss  of  heat  value  of  the 
coal.  In  this  connection  it  is  interesting  to  note  that 
in  Japan  an  attempt  has  been  made  to  prevent  deteri- 
oration of  coal  by  shortening  the  period  of  storage.*^ 
Anthracite  may  be  stored  for  long  periods  without  any 
appreciable  loss  of  heat  value,  and  the  same  thing  is 
true  of  coke.  Conversion  of  bituminous  coal  to  coke, 
therefore,  results  in  some  conservation,  owing  to  the 
fact  that  deterioration  during  the  period  of  storage  is 
reduced.  The  use  of  the  highest  rank  bituminous  coals 
for  coking,  however,  is  an  unfavorable  feature. 

Markets  for  Coal 

The  market  radius  for  coal  for  each  of  the  main  pro- 
ducing areas  is  determined  by  numerous  factors  involv- 
ing differences  in  the  nature  of  the  coal,  needs  of  con- 
sumers, production  and  transportation  costs,  and 
promptness  of  delivery.**  Because  of  the  bulkiness  of 
coal  and  its  low  value,  the  market  tends  to  be  localized 
except  where  low-cost  transportation,  such  as  that  ex- 
isting on  the  Great  Lakes  or  along  the  Atlantic  coast, 


"T.  Yamada,  "Use  and  Transport  of  Coal  by  the  Japanese  Govern- 
ment Railways,"  Third  World  Power  Conference,  Washington,  1936, 
sec.  II.  Taper  No.  4,  p.  19. 

"  Cf.  W.  n.  Young.  "Distribution  of  Coal,"  Proceedingt,  Third  Inter- 
national Conference  on  Bituminous  Coal,  Pittsburgh,  1031,  vol.  1,  pp. 
142  r,o. 
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FiGUBB  17.— Lake  Cargo  Shipments  of  Bituminous  Coal,  1929.  (Repro- 
duced from  Fritz  and  Veenstra,  Regional  Shifts  in  the  Bituminous 
Coal  Industry,  p.  72.) 
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is  available.  As  a  result  of  the  intense  competition  in 
the  industry,  producers  often  have  entered  the  market 
of  competitors  having  transportation  advantages.  The 
freight-rate  structure,  in  conjunction  with  the  differ- 
ences in  production  costs,  also  has  modified  the  market 
areas  for  competing  coal  producers.  Differences  in 
quality  of  coal  in  one  region  against  those  of  another 
sometimes  lead  to  marked  differences  in  the  length  of 
haul.  As  a  rule,  coal  of  high  quality  will  bear  a  higher 
transportation  charge  than  coal  of  low  quality. 

Certain  focal  points  of  competition  have  been  devel- 
oped. There  is  severe  competition  by  rail  routes  for  the 
markets  of  Ohio.  Consuming  areas  adjacent  to  the 
Great  Lakes  also  are  subject  to  extreme  competition, 
and  the  same  is  true  of  areas  along  the  Atlantic  coast 
(figs.  17  and  18).  In  1929,  when  537  million  tons  of 
bituminous  coal  were  produced,  36  million  tons  were 
shipped  to  tidewater  ports,  39  million  tons  entered  the 
Great  Lakes  trade,  and  120  million  tons  were  railroad 
fuel  delivered  by  all-rail  routes. ^^  In  that  year  74 
percent  of  the  bituminous  coal  produced  entered  inter- 
state traffic  or  was  used  as  raih-oad  fuel.     Numerous 
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*5F.  G.  Tryoa  and  W.  H.  Young,  Distribution  of  Bituminous  Goal 
Classified  as  Interstate,  Intrastate,  and  Railroad  Fuel,  1929,  United  States 
Bureau  of  Mines,  Supplement  to  Monthly  Coal  Distribution  Report, 
No.  58   (mimeographed). 
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FiGUUE  18. — Tidewater  Shipments  of  Bituminous  Coal,  1929.  (Repro- 
duced from  Fritz  and  Veenstra,  Regional  Shifts  in  the  Bituminous 
Coal  Industry,  p.  89.) 


Figure  19. 

producing  States  shipped  coal  to  a  score  or  more  con- 
suming States.  Kentucky  coal  was  shipped  to  at  least 
32  States  and  to  the  District  of  Cohunbia. 

Since  the  World  War,  there  have  been  disturbing 
regional  shifts  in  production.  Many  of  the  western 
States  have  shown  declining  production,  mainly  be- 
cause of  increasing  competition  encountered  from  the 
oil  and  gas  industry.  In  the  northeastern  market, 
shifts  have  taken  place  because  of  the  variable  inci- 
dence of  competition  within  the  coal  industry  in  addi- 
tion to  whatever  competition  has  come  from  oil  and 
gas.  The  Ohio,  Illinois,  and  Indiana  bituminous  coal 
regions  and  the  Pennsylvania  anthracite  region  have 
shown  extremely  heavy  losses  in  production.  Some- 
what smaller  losses  have  been  encountered  in  the  Penn- 
sylvania and  northern  West  Virginia  bituminous  coal 
areas.  Even  within  small  producing  regions  wide  dif- 
ferences in  trend  of  output  have  appeared.  The  cen- 
tral and  northern  Pennsylvania  bituminous  coal  areas, 
for  example,  have  suffered  unusually  severe  losses  of 
output,  whereas  the  western  Pennsylvania  producing 
area  has  held  its  position  much  more  effectively. 

Steam  railroads  are  the  largest  single  class  of  con- 
sumers of  bituminous  coal.  In  1929,  locomotive  fuel 
accounted  for  about  22  percent  of  the  total  coal  con- 
sumption. Domestic  (residential)  consumption  is 
probably  about  12  percent  of  the  total.  Manufactur- 
ing industries  are  also  ravenous  consumers  of  bitumi- 
nous coal.  All  classes  of  manufacturing  concerns  com- 
bined show  a  considerably  larger  consumption  than 
the  total  consumption  by  steam  railroads. 

In  sharp  contrast  with  this  character  of  the  consum- 
ing market  for  bituminous  coal  is  the  market  for  an- 
thracite. More  than  three-fifths  of  the  anthracite  pro- 
duced in  1929  was  taken  by  domestic  consumers.  Al- 
though manufacturing  plants  consumed  an  appreciable 
tonnage  of  anthracite,  the  proportion  taken  by  such 
plants  was  a  relatively  minor  share  of  the  total.  Only 
a  little  more  than  2  percent  of  the  anthracite  is  taken 
by  steam  railroads,  despite  the  fact  that  the  majority  of 
the  anthracite  i)roduction  is  controlled  by  railroad  com- 
panies and  that  there  is  extremely  dense  railroad  traffic 
in  and  near  the  anthracite  region.    The  importance  of 
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FiouHB  20. — Tonnage  o(  Bituminous  Coal  Entering  Each  of  tlie  Major 
Branches  of  Consumption,  1917-37.  (Reproduced  from  Minerals 
Yiarbuuli.  19SS,  p.  091.) 

various  major  outlets  for  coal  is  indicated  in  figures  19 
and  20. 

Competition  with  Other  Fuels 

In  addition  to  competition  within  the  coal  industry, 
there  is  also  severe  competition  at  numerous  points 
with  other  fuels.  This  question  is  discussed  at  length 
in  the  next  chapter.  It  is  sufficient  to  observe  here  that 
the  distribution  pattern  of  the  coal  industry  is  condi- 
tioned by  this  outside  competition  (Hg.  21).  Coal  mines 
have  been  able  to  retain  their  market  relatively  well  in 
and  near  the  major  coal-producing  sections,  but  they 


have  suffered  severe  losses  to  oil,  natural  gas,  and  water 
power.  Oil  and  gas  competition  has  been  largely 
west  of  the  Mississippi  River.  Within  recent  years 
pipe  lines  have  been  extended  eastward,  however,  and 
an  increasing  amount  of  competition  is  being  en- 
countered, especially  in  Illinois  and  Indiana.  There 
is  also  considerable  competition  along  the  Atlantic 
coast  because  of  the  use  of  tankers  for  low-cost  trans- 
portation of  oil  from  the  Gulf  coast  oil  fields. 

Price  History 

Except  for  brief  periods  under  the  National  Kecov- 
ery  Administration,  the  Coal  Act  of  1935  and  the  Coal 
Act  of  193",  bituminous  coal  prices  have  been  deter- 
mined by  competitive  forces.  Accordingly,  the  price  of 
bituminous  coal  has  fluctuated  with  every  shift  in  the 
competitive  balance.  Retail  prices  of  bituminous  coal 
in  38  cities  reached  a  peak  of  $11.15  a  ton  in  1921,  ac- 
cording to  the  Bureau  of  Labor  Statistics.  The  aver- 
age in  1929  was  $8.85.  A  low  point  of  $7.65  was 
reached  in  1933.  In  the  ensuing  years  there  has  been  a 
gradual  recovery,  the  average  price  in  1937  being  $8.58, 
a  figure  somewhat  lower  than  that  for  1929,  desijite  the 
fact  that  the  coal  industry  has  made  marked  advances 
in  wage  rates.    These  figures,  of  course,  cover  domes- 
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tic  sizes;  they  do  not  include  screenings,  which  sell 
at  low  figures  and  are  a  considerable  percentage  of 
output. 

Anthracite  prices  show  the  stair-step  type  of  fluctua- 
tion characteristic  of  monopolistic  pricing.  During 
1937  the  circularized  mine  price  of  buckwheat  No.  1 
anthracite  was  maintained  without  variation  at  $3.25 
per  ton,  and  the  quoted  price  of  stove-size  anthracite 
was  maintained  continuously  for  periods  of  several 
months  at  a  time  without  change.  Prices  for  coal  vary 
markedly  among  consuming  regions.  This  wide  varia- 
tion exists  because  of  the  heavy  expenditure  for  trans- 
portation and  the  regional  concentration  in  the 
distribution  of  commercially  minable  reserves.  This 
regional  variation  is  illustrated  in  the  diversity  of 
prices  paid  by  retail  purchasers  in  various  cities 
throughout  the  country.  The  Bureau  of  Labor  Sta- 
tistics gathers  such  information  monthly.  On  Sep- 
tember 15,  1938,  eastern  high-volatile  bituminous  lump 
coal  sold  for  $4.66  per  ton  delivered  at  retail  in  Pitts- 


burgh. The  price  for  similar  coal  in  Chicago  was 
$9.95  per  ton.  The  stove-size  of  anthracite  sold  for 
$7.65  at  Scranton,  Pa.,  whereas  the  price  in  Chicago 
was  $14.70.  These  differences,  of  course,  tend  to  be 
reduced  whenever  supplies  of  coal  can  be  drawn  from  a 
competing  area. 

Foreign  Trade  in  Coal 

Imports  of  bituminous  coal  and  anthracite  nearly 
always  have  been  small  in  relation  to  domestic  produc- 
tion. Foreign  trade  in  coal  is  erratic,  because  of  the 
effect  of  interruptions  of  production  either  in  the 
United  States  or  in  the  foreign  countries.  Exports  of 
coal  were  markedly  expanded,  for  example,  in  1920, 
owing  to  restrictions  on  exports  from  British  mines, 
and  they  were  expanded  again  in  1926  when  there  were 
widespread  strikes  in  British  mines  (fig.  22).  The 
United  States  imported  considerable  tonnage  of  coal  in 
1922,  when  prolonged  strikes  interrupted  production  in 
domestic  mines.    Total  annual  imports  of  bituminous 
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-Eiports  of  Bituminous  Coal  to  Canada  and  Mexico,  the  Caribbean,    and    Overseas    Destinations,    1910-37. 

TeorBooit,  J938,  p.  724.) 
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coal  usually  have  been  little,  if  any,  above  500  thousand 
tons  in  recent  yeai-s,  and  the  same  statement  applies 
to  anthracite.  Exports,  on  the  other  hand,  of  both 
bituminous  coal  and  anthracite  are  considerably  larger. 
In  1937,  exports  of  biluininous  coal  amounted  to  13,- 
000,000  net  tons  and  exports  of  anthracite  amounted  to 
1,900,000  tons.  The  export  surplus  (exports  less  im- 
ports) of  bituminous  coal  has  i-anged  from  2.5  to  3.3 
percent  of  total  output  in  recent  years;  the  anthra- 
cite export  surplus  amounted  to  1.2  to  2.9  percent 
of  production  in  the  yeare  1930-37.  The  bidk  of  the 
coal  exported  goes  to  Canada.  In  recent  years,  Canada 
has  usually  taken  more  than  nine-tenths  of  the  total 
coal  shipped  to  foreign  countries.  Ap[)roximately  half 
the  coal  sent  to  Canada  leaves  the  United  States  by  way 
of  the  Lake  Erie  ports  of  Oliio,  and  nearly  all  the  re- 
mainder is  transported  by  way  of  the  St.  Lawrence 
or  through  the  Rochester,  Buffalo,  or  Michigan  gate- 
ways. Nearly  nine-tenths  of  the  exports  come  from 
the  Appalacliian  fields. 

The  United  States  exports  some  coke  to  foreign 
countries.  Approximately  95  percent  of  the  total  is 
shipped  to  Canada  by  way  of  the  Great  Lakes.  Do- 
mestic exports  of  coke  have  averaged  about  one  and 
seven-tenths  percent  of  the  total  produced.  Exports 
of  coke  are  usually  five  times  as  large  as  imports. 

Total  imports  of  anthracite  usually  have  amounted 
to  about  1  percent  and  exports  from  3  to  5  percent  of 
production  in  the  United  States.  Imports  have  come 
mainly  from  the  Soviet  Union  and  the  United  King- 
dom (also  reexports  from  Canada),  and  they  have  en- 
tered principally  in  ports  in  New  England,  an  area 
which  consumes  approximately  10  percent  of  the  do- 
mestic shipments  of  anthracite.  Exports  are  sent 
largely  to  the  Canadian  provinces  of  Ontario  and 
Quebec. 

The  Tariff  Act  of  1913  placed  all  varieties  of  coal 
on  the  free  lisf"  The  Tariff  Act  of  1922  continued 
all  coal  on  the  free  list,  but  provided  that  "if  any  coun- 
try, dependency,  province,  or  other  subdivision  of  gov- 
ernment imposes  a  duty  on  any  article  specified  in  this 
paragraph  (1548),  when  imported  from  the  United 
States  an  equal  duty  shall  be  imposed  upon  such  article 
coming  into  the  United  States  from  such  country,  de- 
pendency, province,  or  other  subdivision  of  govern- 
ment." 

The  conditional  duty  provision  in  the  Tariff  Act  of 
1922  was  reimposed  by  the  act  of  1930.  This  condi- 
tional duty,  however,  was  repealed  bj'  the  Trade  Agree- 
ment Act,  which  became  effective  June  12,  1934. 

The  Revenue  Act  of  1932  provided  for  an  import 
excise  tax  of  10  cents  per  100  pounds  on  coal  imported 


into  the  United  States  from  countries  to  which  exports 
of  coal  from  the  United  States  did  not  exceed  in  the 
previous  calendar  j'ear,  the  imports  of  coal  therefrom, 
unless  "treaty  provisions  of  the  United  States  otherwise 
provide."  The  excise  tax  on  imported  coal  imposed  by 
the  Revenue  Act  of  1932  lias  been  extended  to  June  3D, 
1939.  Treaty  provisions  wliich  "otherwise  provide"  are 
those  arising  out  of  a  most-favored-nation  clause,  such 
as  exists  in  commercial  treaties  of  the  United  States 
with  Belgium,  the  United  Kingdom,  and  Japan. 

In  recent  years  most  of  the  imports  of  coal  and  coal 
products  have  come  from  the  Soviet  Union,  the  United 
Kingdom,  Canada,  Germany,  and  Belgium.  Imports 
from  all  of  these  countries,  except  Germany,  now  enter 
the  United  States  tax  free.  In  1937  all  the  bituminous 
coal  imported  into  the  United  States  was  tax  free,  and 
about  four-fifths  of  the  coke  imported  was  also  tax 
free.  On  the  other  hand,  almost  half  the  anthracite 
was  taxable,  and  the  remainder  was  tax  free. 

Possible  Future  Sources  of  Coal  Out- 
side the  Continental  United  States 

Most  of  the  possessions  of  the  LTnited  States  are  rela- 
tively devoid  of  coal.  Alaska  is  an  exception  to  this 
general  rule.  Coal  production  in  Alaska  was  only  137 
thousand  tons  in  1936,  an  amount  insufficient  to  provide 
for  consumption  there.  It  is  known  that  there  are  ex- 
tensive Alaskan  deposits,  ranging  from  lignite  coal 
to  anthracite.^'  Little  prospecting  or  development 
work  has  been  done,  because  of  the  relatively  small  de- 
mand. An  abundance  of  oil  along  the  Pacific  coast  of 
the  United  States  has  discouraged  attempts  to  ship  the 
Alaskan  coal  to  continental  United  States.  The  coal 
reserves  are,  in  many  instances,  relatively  close  to  the 
sea  coast.  At  some  future  time  they  may  become  an 
important  factor  in  trade. 

There  are  extensive  deposits  of  coal  in  Canada  which 
may  sometime  become  a  source  of  fuel  for  industry 
in  the  United  States.  The  most  accessible  Canadian 
coal  resources  are  concentrated  in  five  major  areas. 
Deposits  of  good  coal  are  found  at  the  water's  edge  of 
Cape  Breton  Island,  at  the  north  end  of  Nova  Scotia. 
This  coal  is  witliin  easy  reach  of  cheap  water  transpor- 
tation and  may  sometime  become  important  in  the 
trade  along  the  Atlantic  coast.  At  the  present  time, 
however,  production  costs  are  relatively  high,  and  the 
coal  does  not  compete  effectively  with  that  produced  in 
the  United  States.-*'    There  are  lignite  deposits  in  the 


*«  This  rSsumfi  ot  tari£E  legislation  on  coal  has  been  provided  for  this 
etudy  by  the  United  States  Tariff  Commission. 


«  National  Resources  Committee,  Regional  Planning,  Part  VII,  p.  209. 

"  The  i.  t.  u.  value  of  the  Cape  Breton  coal  is  only  13,100.  Operat- 
ing cost  in  1935  was  $4.06  per  ton,  a  figure  about  twice  as  high  as  that 
for  Appalachian  bituminous  coal  in  the  United  States.  B.  F.  Haanel. 
"Organization  ot  Production,  Processing  and  Distribution  of  Coal  and 
Coal  Products  in  Canada,"  Third  World  Power  Conference,  Washing- 
ton, 1936,  Sec.  H,  Paper  No.  4,  p.  8. 
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Canadian  plains  area.  These  deposits  are  an  extension 
of  those  in  North  Dakota  and  Montana.  Somewhat 
farther  west  are  extensive  resources  of  low-rank  bitumi- 
nous coal,  and  these  also  constitute  an  extension  of 
coal  deposits  found  in  Montana.  There  are  scattered 
bituminous  coal  fields  north  of  the  State  of  Washing- 
ton not  far  from  the  international  boundary.     Numer- 


ous small  fields  also  are  foimd  near  the  Pacific  coast, 
either  on  islands  or  in  the  inland  mountain  areas. 

These  resources  of  coal  outside  continental  United 
States  should  be  viewed  only  as  a  possible  source  for 
the  remote  future.  Mines  in  continental  United  States 
have  not  reached  such  an  advanced  stage  of  exhaustion 
that  they  will  not  continue  for  a  long  time  to  supply 
nearly  all  of  the  Nation's  coal  requirements. 


CHAPTER  4.— OPPORTUNITIES  FOR  CONSERVATION  AND  BETTER  UTILIZATION 


The  Problem  of  Conservation 

The  search  for  a  rational  coal  conservation  policy  is 
concerned  with  determining  which  measures  among 
the  many  available  will  yield  maximum  benefits  from 
the  resources.  It  is  agreed  generally  that  unrestricted 
exploitation  of  coal  resources  will  inflict  heavy  penal- 
ties at  a  later  date  in  the  form  of  diminished  standards 
of  living.  It  is  equally  true  that  conservation  may  be 
carried  to  the  extreme  of  markedly  depressing  the 
present  for  the  sake  of  the  future.  Somewhere  between; 
the  two  extremes  a  basis  may  be  found  for  a  reason- 
able solution. 

Two  aspects  of  conservation  may  be  discussed  at  this 
point:  one  is  reduction  of  the  quantity  of  coal  energy 
used ;  and  the  other  is  expansion  of  the  amount  of  work, 
or  output,  derived  from  a  given  portion  of  the  re- 
soui'ces,  the  aim  being  to  accomplish  more  with  what 
is  available. 

Conservation  by  Reduction  of  Use 

The  first  aspect  assumes  abstinence  from  use.  This 
form  of  conservation  is  not  new.  It  is  applied  in  the 
preservation  of  wild  game  by  a  ban  on  hunting,  trap- 
ping, and  fishing  except  during  a  declared  open  season. 
Undeniably,  such  conservation  has  preserved  many 
species  of  wild  game  from  complete  extermination,  and 
it  has  usually  increased  the  quantity  of  game  at  large. 
The  common  prohibition  against  picking  wild  flowers 
in  public  parks  to  preserve  them  for  the  enjoj-ment  of  a 
larger  group  of  the  populace  represents  a  modification 
of  the  abstinence  idea.  Coal,  of  course,  differs  from 
these  illustrations  in  that  it  is  not  reproducible.  This 
lack  of  the  possibility  of  replacement  makes  decreased 
use  all  the  more  urgent  when  any  significant  part  of 
the  coal  reserves  approaches  exhaustion.  In  a  sense  the 
United  States,  and  for  that  matter,  the  world,  is 
"stranded"  with  a  limited  sujjply  of  mineral  fuels.  No 
one  knows  when  a  rescue  party  in  the  form  of  better 
sources  of  energy  may  arrive.  In  the  light  of  experi- 
ence thus  far  with  substitute  sources,  encouraging  signs 
have  not  been  sighted.    But  the  situation  with  regard 


to  the  total  coal  reserve  is  not  precarious.  If  we  are 
willing  to  make  an  increasing  cost  sacrifice  for  coal 
mining,  enough  coal  can  be  obtained  to  last  for  hun- 
dreds of  years.  Wliat  is  important  in  the  short  nm  is 
the  exhaustion  of  the  best  ranks  of  coal  in  the  most 
readily  minable  beds  near  areas  of  large  consumption. 

Conservation  of  Higher  Ranks  of  Coal 

The  principle  of  substitution  of  a  more  abundant 
energj'  for  a  less  abundant  energy  where  cost  differ- 
ences are  not  marked  is  one  that  needs  to  be  applied 
generally.  The  objective  of  a  rational  energy  policy 
is  maximization  of  the  effective  work  derived  from 
whatever  energy-providing  materials  are  available. 
Coal  is  only  one  of  the  several  types  of  energy  mate- 
rials to  be  considei'ed.  A  distinction  also  should  be 
made  among  coals  of  various  ranks  and  accessi- 
bility. The  use  of  the  less  abundant  high-rank 
coal  for  uses  about  as  easily  and  adequately  served  by 
the  more  abundant  low-rank  coal  is  a  questionable 
practice.  Individual  concerns  or  regions  will,  of 
course,  always  oppose  action  that  reduces  their  market 
and  favor  action  that  expands  it.  But  the  problem 
is  not  primarily  to  decide  what  group  is  to  benefit  or 
incur  disadvantage  from  the  direction  given  to  energy 
use;  it  is  to  derive  the  greatest  total  usefulness  for 
the  expenditure  involved  in  appropriating  the  energy. 
One  of  the  conspicuous  features  of  our  coal  utilization 
has  been  rapid  depletion  of  high-rank  coal  in  the  most 
available  beds  and  neglect  of  low-rank  resources, 
even  though  such  coal  is  often  easily  mined.  Larger 
use  of  low-rank  coal  could  be  an  effective  defense 
against  high-mining  costs  in  the  future  for  specific 
ranks  of  coal  required  for  specialized  uses,  such  as 
the  production  of  metallurgical  coke.  The  rapid  deple- 
tion of  the  best  coking  coals  already  has  been  pointed 
out.  Coking  coaL  has  been  and  is  at  present  being  used 
for  types  of  consumption  that  do  not  require  such  a 
rank  of  coal.  The  pressure  of  competition  leads  cur- 
rently to  exploitation  of  coal  resources  irrespective  of 
future  needs  for  specific  ranks  and  types.    Nature  has 


Energy  Resources  and  National  Policy 


85 


provided  us  with  u  comparatively  wide  range  of  fuels — 
solid,  liquid,  and  gaseous — from  which  to  select  those 
best  adapted  to  various  needs.  The  method  of  ex- 
ploitation, on  the  other  hand,  is  rapidly  reducing  the 
range  of  options  and  is  thereby  adding  to  the  prob- 
lem of  getting  the  fuel  most  suitable  to  given  uses. 
For  many  years  technicians  have  been  attempting  to 
produce  a  substitute  for  anthracite  from  bituminous 
coal  or  lignite.  The  lack  of  such  a  substitute  on  the 
market  today  is  testimonj'  to  the  unsuccessfubiess  of 
the  experiment.  Yet,  in  view  of  the  small  reserves  of 
anthracite,  the  aim  was  laudable.  Technical  improve- 
ments in  bituminous  coal-consuming  equipment  have 
increased  the  usefulness  of  the  raw  bituininous  coal. 
Coal  of  subbituminous  or  lignitic  rank  has  made  little 
or  no  advance,  and  it  does  not  seem  probable  that 
such  coal  can  gain  a  position  of  importance  without 
conversion  to  a  better  form.  The  demand  for  fuels 
appears  to  be  headed  in  the  direction  of  greater  pref- 
erence for  compactness  and  cleanliness — attributes  that 
the  extremely  low-rank  coals  do  not  possess.  Conse- 
quently, the  greatest  need  for  low-rank  coal  is  proc- 
esses for  converting  it  into  a  better  product,  if  possible 
a  smokeless  fuel.  Among  the  processes,  conversion  to 
a  liquid  fuel  has  only  slight  promise.'  Conversion  to 
gaseous  form  has  some  possibilit}'  of  further  develop- 
ment in  areas  where  natural  gas  is  not  plentiful.  Con- 
version to  a  coke  or  semicoko  has  distinctly  the  best 
prospects  and  should  be  a  main  object  of  research.  It 
should  be  stressed  that  the  lack  of  large  commercial 
development  of  low-rank  coals  is  a  handicap  to  re- 
search work  in  the  field  by  private  concerns.  One  can- 
not expect  research  to  develop  as  rapidly  there  as  it 
has  where  commercial  possibilities  have  been  demon- 
strated. Intensive  work  by  public  research  bodies, 
therefore,  is  essential  if  neglect  of  low-rank  coal  use 
is  to  be  avoided.  It  remains  a  fact  that  consumption 
tends  toward  the  iq)per  limits  of  quality,  whereas 
the  available  reserves  increase  in  quantitj-  in  tlie  op- 
posite direction.  There  is  accordingly  a  continued 
need  for  scaling  down  as  much  as  possible  toward  the 
lower  ranks. 

Technical  improvements  in  coal  preparation  and 
processing  have  alreadj-  extended  the  range  of  coals 
used,  so  that  some  relief  from  concentration  on  the 
highest  ranks  of  coal  has  been  provided.  Up  to  the 
present  time  the  byproduct  coking  process  has  been 
the  chief  means  for  enhancing  the  usefulness  of  coals, 
but  the  process  falls  short  of  providing  an  outlet  for 
the  very  low-rank  coals,  and  much  of  the  extension  has 


taken  place  only  by  mixing  low-rank  bituminous  coals 
with  high-rank  bituminous  coals.  The  by-product 
method  has  resulted  in  revolutionary  changes  in  the  coke 
industry  (fig.  -2'?>).  But  it  has  extended  only  to  a  small 
extent  the  range  of  coals  which  can  be  used.  The  old 
beehive  process  worked  best  with  coals  such  as  those 
found  in  the  Connellsville  district  of  western  Pennsyl- 
vania. The  beehive  ovens  were  at  the  mines,  whereas 
most  of  the  byproduct  ovens  are  now  at  or  near  steel 
mills.  In  1893,  when  the  first  byproduct  ovens  were  put 
into  operation  in  this  country,  at  Rochester,  New  York, 
66  jiercont  of  the  coke  output  of  the  country  was  bee- 
hive coke  produced  in  Pennsylvania,  largelj'  in  the  Con- 
nellsville district.  By  1913  the  percentage  was  down 
to  56  and  by  1937  to  only  5.  Each  year  many  more 
beehive  ovens  are  abandoned  than  are  built.  No  doubt 
the  industrj'  has  persisted  as  long  as  it  has  because  of 
the  hope  of  earning  something  on  the  capital  previ- 
ously invested.  The  fact  that  production  in  beehive 
ovens  requires  less  capital  ;ni<l  can  be  varied  more 
readily  with  demand  is  also  a  factoi-.  From  this  posi- 
tion of  extreme  concentration  the  coke  industiy  has 
spread  to  many  States,  the  leading  ones  being  Penn- 
sylvania. Oliio,  New  York,  Massachusetts,  New  Jersey, 
Maryland,  West  Virginia,  Michigan,  Illinois,  Indiana, 
Alabama,  and  Colorado.^  Almost  as  much  coal  for 
coking  now  comes  from  West  Virginia  as  from  Penn- 
sj'lvania,  and  other  States  also  contribute  large  quanti- 
ties.' The  extension  of  the  coke  industry,  however, 
has  been  greater  geographically  than  it  has  been  among 
the  ranks  of  coal.  It  still  remains  true,  although  less 
so  than  formerly,  that  the  better  ranks  of  coal  are 
utilized  for  coke  production. 

Improvement  of 
Low-Kank  Coal 

The  coke  industry,  nevertheless,  suggests  the  methods 
most  likely  to  lead  to  a  wider  use  of  low-rank  coal. 
Production  of  liquid  fuels  from  coal  appears  to  be 
further  from  practicality  than  that  of  smokeless  solid 
fuels.  Gasification  of  coal  probably  will  not  develop 
further  until  reserves  of  natural  gas,  and  perhaps  also 
of  oil,  begin  to  yield  less  than  the  demand.  The  most 
promising  processes  for  the  production  of  better  solid 
fuels  from  low-rank  coal  are  as  follows : 

1.  High-temperature  carbonization. 

2.  Low-temperature  (and  medium-temperature)  car- 
bonization. 

3.  Briquetting  after  dehydration  and  preferably 
after  some  devolatilization. 

4.  Pulverization. 


'  Production  of  liquid  hydrocarbons  from  coal  in  the  United  States 
i-s  not  lilseiy  to  be  able  to  compete  against  relatively  cheap  petroleum 
products  for  many  years.  In  Europe  it  has  succeeded  only  under  the 
stimulus  of  heavy  subsidies  and  exceedingly  high  tares  on  petroleum 
products. 


-  Cf.  Fritz  and  Veenstra,  Regional  Shifts  in  the  Bituminom  Coal 
Industry.  University  of  Pitt-sburgh,  Bureau  of  Business  Re.search  Mono- 
graphs. No.  4,  1935,  pp.  116-27  ;  also  Minerals  Yearbook,  1938,  p.  T86. 

3  See  table  in  Minerals  Yearbook,  1937,  pp.  911-12. 
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High-temperature  carbonization  is  applied  in  the 
typical  byproduct  coke  plant  of  today.  The  method 
produces  a  coke  entirely  satisfactory  for  metallurgical 
use.  The  coke  may  be  stored  for  long  periods  without 
appreciable  deterioration;  it  burns  with  a  smokeless 
flame,  but  it  is  somewhat  brittle  for  handling  and  ship- 
ping ;  it  is  not  considered  as  desirable  as  anthracite  for 
residential  and  other  small-scale  heating  uses ;  in  fact, 
residential  use  of  coke  has  not  increased  since  1933. 
The  result  is  that  high-temperature  coke  has  found 
limited  application  outside  the  iron  and  steel  industry, 
and  production  is  concentrated  on  coke  required  for 
metallurgical  purposes. 

The  problem  of  improvement  of  low-rank  coals  by 
carbonization,  nevertheless,  was  given  widespread  at- 
tention both  in  the  United  States  and  in  Europe  dur- 
ing the  decade  following  the  World  War.  Research 
work  in  low-temperature  (and  medium-temperature) 
carbonization  of  low-rank  bituminous  coals  and  lig- 
nite was  pursued  diligently.*  Most  of  the  methods 
were  unsuccessful  when  applied  commercially.  One 
sliould  observe,  however,  that  the  exceptionally  ad- 
verse conditions  in  the  coal  industry  during  the  period 
were  not  favorable  for  the  introduction  of  any  radi- 
cally new  methods,  especially  since  the  chief  problem 
was  reduction  of  mining  capacity  already  existing  in 
fields  producing  high-rank  coal.  The  absence  of  a 
large  market  for  coal  tars  produced  in  abundance  by 
the  low-temperature  processes  was  a  further  retarding 
factor.'    Given    better    promotion    in    areas    having 


'  See,  for  example,  papers  delivered  at  the  International  Conference 
on  Bituminous  Coal,  Carnegie  Institute  of  Technology,  Pittsburgh,  Pa.. 
192G  and  1928. 

» Rice,  Fieldner,  and  Tryon,  "Conservation  of  Coal  Reserves,"  Third 
World  Power  Conference,  sec.  IV,  Paper  No,  11,  p.  44. 

i  Petroleum  coke  —  


Gas  house  coke 
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mostly  low-rank  coal,  and  given  an  improving  market 
for  tars  through  an  expanding  chemical  industry,  to- 
gether with  more  emphasis  on  smoke  elimination,  low- 
temperature  carbonization  may  become  a  large  indus- 
try. The  industry,  in  fact,  has  already  made  a  begin- 
ning. One  small  plant  at  Dickinson,  N.  Dak., 
has  been  producing  since  1929  a  low-temperature  coke 
from  lignite.*  The  world's  largest  low-temperature 
coke  plant  was  built  at  New  Brunswick,  N.  J.,  in  1929, 
but  it  was  unable  to  withstand  increasing  competition 
from  other  fuels  after  the  financial  crash  of  1929.' 
About  the  time  the  New  Brunswick  plant  was  having 
difiiculty,  the  Pittsburgh  Coal  Co.  began  operation  of 
a  low-temperature  plant  near  Pittsburgh;  the  plant 
has  been  expanded  and  is  still  oi)erating.  Another 
low-temperature  plant  at  Moundsville,  W.  Va.,  has 
been  producing  briquetted  fuel  from  carbonized  slack.* 
One  of  the  most  encouraging  signs  is  that  the  capacity 
of  the  Dickinson,  N.  Dak.,  plant  was  greatly  expanded 
in  1937.  A  new  concern  at  Minot,  N.  Dak.,  plans  to 
reconstruct  its  briquetting  plant  destroyed  by  fire  al- 
most as  soon  as  it  was  completed.^  The  Pittsburgh 
Coal  Co.  plant  has  had  difiiculty  in  keeping  up  with 
orders  during  the  heatmg  season. 

In  recent  years,  briquetting  of  coal  has  been  gaining 
in  importance,  although  output  remains  small  in  com- 
parison with  total  coal  production.  Briquets  are  pro- 
duced mainly  from  fine  coal  or  coke  usually  with  the 
aid  of  a  binder  consisting  of  asphaltic  pitch,  coal-tar 
pitch,  asphalt,  aspholeinn,  starch,  or  road  oil.  In  this 
way  coal  or  coke  is  salvaged  that  might  otherwise  have 
little  usefulness.  Packaged  fuel  also  is  growing,  and, 
of  course,  better  preparation  (cleaning,  sizing,  etc.)  of 
coal  results  in  a  more  convenient  f  uel.^"  In  Germany 
an  extensive  industry  has  grown  in  connection  with  the 
dehydration  and  briquetting  of  brown  coals.  Sixty- 
five  percent  of  these  coals  are  briquetted.  This 
process  might  be  carried  a  step  further  in  its  applica- 
tion to  American  coals  so  that  a  nearly  smokeless  fuel 
could  be  produced.  Experiments  conducted  in  Illi- 
nois seem  to  indicate  the  feasibility  of  forming  briquets 
without  a  binder  after  the  coal  has  been  dehydrated  and 
partially  devolatilized."  The  cost  of  production  of  a 
ton  of  smokeless  briquets  by  this  method,  excluding 
the  cost  of  the  coal,  is  estimated  to  be  only  50  cents  to 
one  dollar.^-    This  process,  or  a  similar  one,  may  well 
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Figure  23. — Production  of  Coke  in  the  United  States,  by  Type,  1900-37. 
(Reproduced   from   Minerals   Yearbook,   19SS,   p.    782.) 


'Minerals  Yeariook,  19S7,  pp.  949  and  960. 

'  A.  C.  Fieldner,  "Recent  Developments  in  Coal  Utilization,"  Minerals 
Yearbook  19S2-19SS,  pt.  III,  p.  441. 

^Ibid.;  see  also  Fieldner,  "Recent  Developments  in  Coal  Preparation 
and  Utilization, '  Minerals  Yearbook,  19Si,  p.  641. 

"  G.  S.  Goodman,  "Fuel  Briquets  and  Packaged  Fuel,"  Minerals  Year- 
book, 19SS,  p.  799. 

">  Cf.  L.  N.  Plein  and  J.  B.  Clark,  "Fuel  Briquets,"  Minerals  Yearbook, 
1937,  pp.  955-68. 

1  Minerals  Yearbook,  1937,  p.  958. 

>=  Ibid. 
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be  tlie  answer  to  the  prubleiu  ul'  producing  from  low- 
rank  coal,  and  the  less  desirable  parts  of  high-rank 
coal,  a  solid  fuel  that  will  withstand  handling,  that 
may  be  stored  for  considerable  periods,  and  that  meets 
the  need  for  cleanliness  in  firing.  A  fuel  of  this  tj-pe 
would  be  a  decided  aid  to  conservation  of  the  better 
ranks  of  coal. 

Imi>roved  adaplution  of  equipment  to  burn  coal  in 
pulverized  form  may  oflfer  a  larger  outlet  for  low-rank 
coal  as  well  as  for  intuh  fine  coal  from  better  beds,  not 
now  considei'ed  markelabU'.  A  large  percentage  of  the 
anthracite,  during  the  early  years  of  the  industry,  was 
left  in  the  mine  or  thrown  on  the  culm  bank  for  lack 
of  a  market.  Although  a  considerable  part  of  this 
waste  has  been  eliminated,  low  prices  for  the  small 
sizes  of  anthracite  still  result  in  wastage.  A  price  at 
the  breaker  of  only  $1.45  for  the  Buckwheat  Xo.  3 
(Barley)  size  against  one  of  $5.21  for  the  large  stove 
size — 1937  average  prices — suggests  how  little  incen- 
tive, relativelj',  there  is  to  conserve  the  small  sizes.  A 
better  market  for  pulverized  coal  may  encourage  larger 
recovery  of  the  fine  coal. 

With  powdered-coal  combustion,  coal  of  widely  vary- 
ing properties  may  be  used.'^  Lignite  and  subbitu- 
minous  coal  as  well  as  anthracite  may  be  burned.  Simi- 
lar significance  attaches  to  stoker-lired  installations 
using  coal  of  small  sizes.  In  fact,  the  high  efficiency 
obtained  from  pulverized  coal  has  been  ecjualed  by 
stokers."  Combustion  of  coal  in  pulverized  form  af- 
fords maxinumi  economy  in  the  case  of  anthracite 
culms  and  low-volatile  coals,  whereas  for  lignite  the 
saving  is  often  negligible  or  perhaps  even  negative." 
It  is  probably  more  profitable  to  burn  lignite  in  me- 
chanical stokers.'"  Recent  innovations  in  stokers  ai"e 
solving  the  technical  problems  involved  in  handling 
coals  with  various  characteristics.  The  recently  de- 
veloped spreader  stoker  has  a  wide  range  of  applica- 
tion.'^  In  addition  to  bringing  a  wider  variety  of  coals 
into  use,  powdered-coal  and  stoker-fired  methods  af- 
ford high  efficiencies  and  practically  smokeless  combus- 
tion. The  chief  disadvantages  are  explosiveness  of 
suspensions  of  coal  dust  in  the  air  and  the  tendency  for 
the  ash  of  such  coal  to  blow  out  the  chimney  into  the 
atmosphere.    These  difficulties  need  further  study. 


■«  William  Harvey  Young,  Sources  of  Coal  and  Types  of  Stokers  and 
Burners  Used  by  Electric  Public  Utility  Power  Plants,  The  Brookings 
Institution  Pamphlet  Series,  December  31,  1930,  vol.  II,  No.  2,  p.  33. 

"  A.  C.  Fieldner,  "Fuels  of  Today  and  Tomorrow,"  reprint  from 
Proceedings  of  the  American  Society  for  Testing  itaterials,  vol.  37, 
pt.  I.  19.'!7,  p.  12. 

'''  L.  K.  RaniziD.  "Comparative  EflBciency  of  Burning  Typical  Kinds 
of  Fuel,"  Proceedings  of  the  Second  International  Conference  on  Bitu- 
minous Coal,  vol.  I,  1928,  Pittsburgh,  Pa.,  pp.  951-52. 

'•/I)id.,  p.  958. 

"  J.  F.  Barkley,  "The  Forced-Draft  Spreader  Stoker,"  Transactions 
of  the  American  Society  of  Uectianical  Engineers,  1937,  vol.  59,  pp. 
259-65. 


Coal  vs.  Other  Sources  of  Energy 

There  is  no  valid  reason  for  stopping  with  coal  in 
considering  the  question  of  substitution  of  a  more 
abundant  fur  a  less  abundant  energ}'.  In  some  sections 
of  the  United  States,  water  power,  renewable  almost 
without  end,  is  the  means  for  conserving  coal  resources. 

Water  power,  neverthelcs.s,  cannot  replace  coal  in 
large  part.  Total  ijower  inherent  in  falling  water 
throughout  the  country  probably  is  not  equal  to  one- 
half  that  in  the  coal  mined  currently,  and  not  all  the 
inherent  power  can  be  utilized;  some  of  the  power  gen- 
erated is  not  within  reach  of  a  market,  some  of  the 
^^■ater  is  needed  for  nonpower  purposes,  and  often  the 
power,  if  available,  may  be  developed  only  at  high  cost. 

Although  the  scope  of  application  is  limited,  water 
power  should  be  viewed  as  one  means  for  sharing  the 
burden  of  energy  production.  Development  of  water 
power  heretofore,  both  privately  and  publicly,  indi- 
cates the  feasibility  of  using  it  as  a  partial  substitute 
for  coal.  The  argument  that  water-power  use  sup- 
presses coal-mining  activity  and,  therefore,  that  water 
power  should  not  be  developed,  oven  though  available 
at  a  competitive  advantage,  is  not  one  supported  by  the 
concept  of  rational  utilization  of  power  resources. 

On  the  other  hand,  the  idea  of  conservation  when 
api^lied  to  the  relationship  of  coal  to  oil  and  gas  is 
favorable  to  larger  use  of  coal.  All  the  available  evi- 
dence indicates  a  life  for  oil  and  gas  reserves  only  a 
fraction  as  long  as  that  for  coal.  New  discoveries  of 
oil  and  gas  would  have  to  multiply  reserves,  known  at 
present,  hundreds  of  times  to  alter  this  fact.  This  dif- 
ference in  i-eserves  presages  exhaustion  of  oil  and  gas 
centuries  before  the  coal  is  gone.  Accordingly,  further 
substitution  of  oil  and  gas  for  coal  means  further  reduc- 
tion of  the  abbreviated  life  of  oil  and  gas.  There  is 
also  the  possibility  that  utilization  of  oil  and  gas  has 
already  reached  proportions  not  in  the  best  interests  of 
the  Nation.  If  the  domestic  economy  becomes  depend- 
ent on  foreign  sources  of  oil,  and  if  natural  gas  becomes 
unavailable,  the  position  of  the  United  States  as  a 
world  power,  being  changed  from  a  "have"  to  a  "have 
not"  status  in  those  respects,  will  suffer.  Even  if  that 
threat  lies  decades  or  even  scores  of  years  ahead  of  us, 
it  cannot  be  lightly  brushed  aside. 

Balanced  Consumption  of  Fuels 

How  can  a  balanced  consumption  be  promoted? 
Every  consideration  of  the  problem  runs  int«  the  neces- 
sity of  dealing  not  with  three  simple  fuels  but  with 
three  entire  classifications  or  assortments  of  fuels;  not 
with  three  simple  uses,  but  with  an  array  of  uses,  some 
of  them  overlapping  and  some  being  completely  non- 
competitive. Greater  importance  attaches  to  what  spe- 
cific applications  of  power  will  do  than  to  the  total 
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bulk  of  fuel  consumed.  The  reason  for  preferring  a 
fuel  in  a  given  use  lies  in  comparative  cost.  Into  cost 
enter  factors  of  scarcity  and  physical  adaptation  of  a 
fuel  to  a  use.  Coal  is  not  used  for  automobiles,  for 
example,  because  it  is  not  physically  suitable,  and  the 
cost  of  converting  it  to  a  suitable  liquid  form  is  pro- 
hibitive in  comi^arison  with  the  alternative  cost  of 
gasoline. 

The  chief  advantage  of  gas  is  ease  of  heat  release. 
In  this  respect  it  is  ahnost  a  perfect  fuel.  But  it  has 
the  disadvantage  of  requiring  a  large  space  for  the 
energy  contained.  It  is  therefore  not  applied  in  mobile 
equipment.^*  Petroleum  fuel  products,  such  as  gaso- 
line, kerosene,  naphthas,  and  fuel  oils,  also  rank  high 
in  ease  of  heat  release,  especially  when  vaporized  as  in 
an  internal  combustion  engine,  and,  in  addition,  they 
are  compact  and  easy  to  transport.  A  major  disad- 
vantage of  both  gas  and  petroleum  fuel  products  is  the 
relatively  high  cost  per  unit  of  the  energy  delivered 
and,  from  a  long-term  point  of  view,  lack  of  avail- 
ability for  an  extended  period  of  time.  Coal,  on  the 
other  hand,  is  a  compact  and  economical  fuel  with  a 
reserve  sujaply  sufficient,  if  prudently  used,  to  meet 
heavy  demands  for  many  generations.  The  solid  struc- 
ture of  coal,  however,  makes  it  a  much  less  desirable 
fuel  than  gas  or  oil  from  the  standpoint  of  ease  of 
handling  in  consmniiig  equipment.  For  some  uses, 
coal  will  never  replace  gas  or  oil  unless  it  is  first  con- 
verted to  a  gaseous  or  liquid  form,  a  transformation 
that  is  technically  difficult  to  make  and  thermally  in- 
efficient." There  are,  therefore,  close  limits  on  how 
much  the  weak  links  in  the  fuel  supjily  may  be 
strengthened  by  a  shift  to  a  more  plentiful  but  wholly 
different  type  of  fuel. 

The  various  fuels  come  into  rather  direct  competi- 
tion with  each  other  in  the  steam-raising  and  space- 
heating  uses.  There  is  also  much  indirect  competition, 
illustrated  in  the  partial  displacement   of  coal-ener- 


>'  Some  exception  must  be  made  for  bottled,  or  liquefied  gas. 
■"  Some  typical  heat  values   (not  counting  heat  lost  In  utilization) 
and  illustrative  cost  comparisons  are  as  follows  : 


Fuel 

Cost  per  unit 

Heat  value  (B.  t.  u.) 

Cost  per 
1,000,000 
B.  t.  u. 

13.500  per  pound 

145,000  per  gallon 

135,000  per  gallon 

1,075  per  cubic  foot 

530  per  cubic  foot 

3,410  per  kilowatt-hour.. 

Fuel  oil 

Natural  gas  —  . 

$0.50  per  thousand  cubic 

feet. 
$1  per  thousand  cubic 

feet. 
$0.03  per  kilowatt-hour. . 

0  47 

Manufactured  gas.. 
Electrical  energy... 

1.89 
8.80 

Note  especially  the  high  cost  of  manufactured  gas.  largely  a  product  of  coal.  No 
reliable  data  are  available  on  the  cost  of  producing  liquid  fuel  from  coal,  but  it  is 
known  that  the  cost  is  3  to  6  times  as  high  as  for  fuel  oil.  Of.  A.  C.  Fieldner,  "Fuels 
of  Today  and  Tomorrow,"  Reprint  from  Proceedinis  of  American  Society  for  Testing 
Materials,  vol.  37,  pt.  1, 1937,  p.  21. 


gized  street-railway,  electric -interm-ban,  and  steam- 
railroad  transportation,  by  automobile,  bus,  and  truck 
transjoortation.  Teclinically  one  fuel  may  be  substi- 
tuted for  another  fuel  in  almost  any  use.  Gas  or  oil 
may  be  made  from  coal,  or,  converselj',  a  solid  fuel 
consisting  mostly  of  carbon  may  be  produced  from  oil 
or  gas.  Tlie  effect  of  technological  progress  is  to  make 
fuels  more  nearly  interchangeable.  Practically,  how- 
ever, interchange  is  inliibited  by  the  high  cost  of  con- 
verting the  form  of  the  fuel.  The  economy  of  direct 
consumption  tends  to  hold  in  check  the  amount  of 
processing,  or  conversion,  applied  to  the  fuel.  The 
bulk  of  the  coal  mined  today  is  consumed  in  solid  form 
and  will  probably  continue  to  be  consumed  that  way. 
An  analogous  condition  exists  in  the  oil  and  gas  in- 
dustries. In  accordance  with  this  developed  tendency, 
the  limited  reserves  of  oil  and  gas  should  be  retained 
for  the  uses  in  which  coal  is  relatively  much  less 
satisfactory.  For  similar  reasons,  a  shift  from  high- 
rank  coal  toward  low-rank  coal  needs  to  be  encour- 
aged. Owing  to  the  much  more  plentiful  reserves  even 
of  high-rank  coal  than  of  oil  and  gas,  however,  a  small 
reduction  in  the  life  of  coal  reserves  would  be  com- 
pensated by  a  marked  extension  of  the  life  of  oil  and 
gas  reserves.  In  the  course  of  two  or  three  decades, 
the  nation  would  gain  by  fending  off  the  day  of  in- 
creased production  of  liquid  fuel  and  gas  from  coal 
or  other  energy  materials. 

Growth  of  oil  and  gas  consumption  by  leaps  and 
bounds,  coupled  with  retrogression  in  the  coal  indus- 
try, these  trends  later  to  be  reversed  to  the  detriment 
of  oil  and  gas  consumers,  can  hardly  be  considered  a 
balanced  development  of  fuel  resources.  It  would  be 
more  reasonable  to  correlate  use  with  availability  of 
the  fuels,  clearly  an  end  not  reached  under  the  current 
organization  of  the  energy-resources  industries. 

One  should  not  confuse  this  condition  with  that  in- 
volved in  nonwasting  assets.  Nature  has  already  pro- 
vided substantially  all  the  oil,  gas,  and  coal  that  will 
ever  occur.  There  happens  to  be  more  coal  in  the 
ground  than  oil  or  gas.  It  would  have  been  better,  as 
far  as  one  can  see  now,  were  the  reverse  true,  but  the 
basic  facts  in  the  case  cannot  be  changed.  The  utiliza- 
tion policy  has  to  be  oriented  to  a  condition  not  by  any 
means  ideal.  Also  the  real  or  supposed  stake  of  eco- 
nomic regions  and  of  vested  interests  becloud  the  major 
issue  with  respect  to  the  objective  of  conservation.  One 
cannot  be  oblivious  to  the  fact  that  millions  of  dollars 
are  spent  each  year  to  achieve  a  temporary  competitive 
advantage,  even  though  such  action  may  have  a  serious 
effect  on  the  life  of  the  fuel  assets.  Competition  and 
conservation  of  wasting  reserves  are  antagonistic  to  the 
extent  that  competition  looks  only  to  current  operations 
whereas  conservation  centers  on  the  ultimate  outcome 
of  utilization.    As  long  as  both  competition  and  conser- 
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vat  ion  are  retained  as  objectives,  concessions  must  be 
made  on  both  sides. 

What,  tlicn,  are  the  issues  involved  in  utilization  of 
coal  against  that  of  oil  and  gas?  In  the  first  place, 
one  must  decide  the  purposes  for  which  the  fuels  are 
to  be  reserved.  The  least  dis|iensal)le  uses  of  gas  are 
for  domestic  cooking  and  water  iu-ating,  for  delicately 
controlled  industrial  heating  processes,  and  perhaps 
for  supplementary  house  lieating,  whereas  the  least  dis- 
pensable uses  of  [jetroleum  are  for  the  production  of  lu- 
bricants and  of  fuels,  principally  gasoline,  to  be  used 
in  mobile  internal-combustion  engines.  Coal,  as  a  rule, 
remains  the  cheapest  source  of  fuel  energy  for  large 
volume  steam-raising  and  space-heating  requirements. 
But  there  is  no  doubt  that  it  is  more  difficult  to  handle 
in  consuming  equii)ment  than  liquid  or  gaseous  fuel. 
The  ash  content  and  dirtiness  of  coal  and  the  difficulty 
of  obtaining  (luick  and  accurate  responses  in  combus- 
tion are  objectionable  features  for  certain  uses.  Blame 
for  smoky  atmospheres  in  cities  also  rests  squarely  on 
coal.  Consumer  preference  is  no  doubt  overwhelm- 
ingly in  favor  of  a  cleaner  fuel  and  a  greater  precision 
in  heat  control  than  are  usually  provided  by  coal. 
These  facts  siiould  not  be  disregarded  in  any  consid- 
eration of  increased  consumption  of  coal  in  the  place 
of  oil  and  gas.  Prinuiry  enq)hasis  should  be  placed  on 
reseaicli  to  promote  the  use  of  coal  by  overcoming  these 
objections  of  consumcj-s  to  coal.  When  methods  are 
perfected  for  obtaining  lieat  from  coal  about  as 
automatically  and  with  about  as  much  cleanliness  as 
from  oil  or  gas,  coal,  as  a  low-cost  source  of  energy, 
will  regain  much  of  the  position  it  has  lost  since  the 
advent  of  oil  and  gas.  It  is  to  be  hoped  that  the  coal 
industry  will  realize  to  an  increasing  extent  the 
importance  of  technical  research  to  produce  a  better 
fuel  and  better  equipment  for  coal  utilization.  Re- 
search by  governmental  agencies  directed  to  the  same 
objectives,  especially  with  respect  to  the  relatively  neg- 
lected low-rank  coals,  should  be  fostered  more  than  it 
has  been  in  the  past.  A.  C.  Fieldner  says  with  respect 
to  estimates  cited  that,  although  10  to  12  million  dollars 
are  spent  annually  on  research  and  development  in  the 
refining  of  petroleum,  that  more  should  be  expended  on 
the  preparation  and  direct  utilization  of  coal.-" 

A  lag  in  coal  research  is  unfortunate  from  a  conser- 
vation point  of  view.  Such  a  lag  accelerates  the  de- 
clining trend  in  coal  production,  a  trend  that  will  have 
to  be  reversed  all  the  more  sharply  when  oil  and  gas 
reserves  begin  to  dwindle  under  the  strain  of  over- 
expanded  consumption. 

Interest  in  coal  research,  neveitheless.  has  increased 
since  the  World  War.  The  United  States  Bureau  of 
Mines   has   made   significant   contributions,   not   only 


="  FieMner.  "Fuels  of  Today  and  Tomorrow."  op.  cit.,  p.  22. 
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through  its  research  but  also  in  disseminating  detailed 
information  about  research  work  being  done  elsewhere 
in  coal.  The  State  of  North  Dakota  has  been  attempt- 
ing to  improve  the  usefulness  of  its  lignite  deposits. 
Most  of  the  large  coal-producing  States,  and  many  oth- 
ers as  well,  have  done  research  work  on  coal  either 
through  State  departments  or  through  State  universi- 
ties. Research  has  been  pursued  also  by  private  organ- 
izations, such  as  the  Coal  Research  Laboratory  of  the 
Carnegie  Institute  of  Technology,  fellowships  at  Mel- 
lon Institute,  Anthracite  Industries,  Inc.,  the  research 
laboratory  of  the  Anthracite  Institute,  and  Bituminous 
Coal  Research,  Inc.,  ai  the  Battellc  Meuuirial  Institute. 
Much  of  the  research  has  been  indirectly  beneficial  to 
the  coal  industry  by  finding  new  uses,  and  therefore 
new  nuu'kets,  for  coal  byproducts.  A  direct  result, 
however,  has  been  the  perfection  of  small  stokers  to 
provide  automatic  firing  of  coal  with  almost  no  emis- 
sion of  smoke.  These  stokers  have  gained  wide  accept- 
ance; sale.s  for  domestic  use  have  increased,  according 
to  the  Unite<l  States  Bureau  of  the  Census,  from  7,000 
in  1932  to  93,500  in  1937,  a  gain  far  greater  than  that 
for  oil  burners.  Total  sales  of  mechanical  coal  stokers 
increased  22  percent  from  1936  to  1937,  whereas  sales  of 
oil  burners  decreased  3  j^ercent.  The  monthly  figures 
for  1938  show  a  continuation  of  the  shift  from  oil 
burners  to  coal  stokers.  Although  this  shift  favoring 
increased  coal  utilization  is  taking  place  after  much  of 
(he  expansion  of  oil  consumption  lias  already  occiu'red, 
it  represents  a  change  toward  a  more  balanced  use 
of  fuel  reserves.  It  has  the  feature  considered  of  prime 
importance,  the  gaining  of  consumer  preference  by 
making  coal  a  more  serviceable  fuel. 

Despite  these  favorable  signs,  the  introduction  of 
this  equipment  is  not  occurring  with  sufficient  rapidity 
to  accomplish  much  toward  distributing  the  use  of 
fuels  more  nearly  in  line  with  the  backlog  of  reserve 
supply.  The  trend  of  consumption  has  already  gone 
far  in  the  direction  of  rapid  depletion  of  liquid  and 
gaseous  fuel  reserves.  Under  this  condition,  minor 
correctives  have  the  effect  only  of  locking  the  stable 
after  the  horse  is  out.  In  view  of  the  decisive  differ- 
ence in  magnitude  between  oil  and  gas  reserves  and 
those  of  coal,  some  positive  intervention  seems  not 
merely  justified  but  essential  to  avoidance  of  early 
exhaustion  of  oil  and  gas.  Any  overt  intervention, 
however,  should  be  considered  supplementary  to  im- 
provement of  methods  of  coal  use  and  not  a  substitute 
for  them. 

Interfuel  Policy 

Differences  of  opinion  on  how  far  enforced  reserva- 
tion should  go  will  be  found  even  among  those  who 
favor   in   principle   conservation   of   relatively   scarce 
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fuel  resources  by  the  substitution  of  more  plentiful 
fuel  resources.  No  fixed  rules  can  be  set  down  to  act 
as  a  guide.  Owing  to  the  uncertain  course  of  techno- 
logical progress  in  fuel  production  and  utilization,  as 
well  as  the  uncertainties  as  regards  total  reserves,  espe- 
cially of  oil  and  gas,  eventually  to  be  discovered,  meas- 
ui-es  adopted  should  be  carefully  considered.  A  fur- 
ther fact  is  that  hardships  caused  by  too  strict  control 
may  be  as  objectionable  as  those  arising  from  errors  of 
exploitation. 

Behind  interfuel  competition  is  a  difference  in  cost 
relationships  determining  what  fuel  can  win  a  certain 
fuel  market.  The  bullv  of  the  costs  in  the  coal  industry 
are  labor  costs  which  vary  about  in  proportion  to  out- 
put. Labor  outlays  alone  constitute  more  than  60  per- 
cent of  the  total  costs  of  mining.  Ability  to  continue 
mining  oiDerations  depends  on  obtaining  a  market  price 
for  the  bulk  of  the  output  sufficiently  high  to  cover 
these  out-of-pocket  outlays.  Consequently,  the  range 
of  variation  in  prices  of  coal  at  a  given  tune  is  com- 
paratively small.  Only  the  price  of  those  portions, 
such  as  slack,  or  fine  coal,  considered  to  be  a  surplus 
necessary  to  yield  the  main  product,  may  be  cut  to  a 
dump-level  basis.  Cost  relationships  are  much  differ- 
ent in  the  oil  and  gas  industries:  Once  the  wells  are 
drilled  and  the  pipe  lines  and  refineries  are  built,  only 
a  small  fraction  of  the  cost  then  depends  on  output.^^ 
Indeed,  as  has  been  true  in  the  Texas  Panliandle,  gas 
producers  may  be  faced  with  the  choice  between  selling 
gas  at  almost  nothing  and  blowing  it  into  the  air.  A 
similar  situation  exists  after  investment  has  been  made 
in  pipe  lines  or  refineries.  The  existence  of  a  general 
surplus,  or  off-peak  periods  of  utilization,  or  the  pro- 
duction of  an  incidental  product,  or  byproduct,  en- 
courages stratification  of  the  price  structure.  Although 
oil  and  gas  are  normally  high-priced  fuels,  the  price 
is  cut,  in  many  instances,  sufficiently  to  make  an  un- 
beatable bid  for  marliets  formerly  supplied  by  the  coal 
industry.  Fuel  oils,  produced  in  abundance,  and 
usually  competing  directlj'  Avith  coal,  are  commonly 
sold  for  less  than  crutle  oil,  if  transportation  costs  be 
allocated  on  a  unit  basis.  In  other  words,  assuming 
that  the  industry  has  an  income  equal  to  outgo,  more 
than  a  proportionate  share  of  the  overhead  costs  are 
allocated  to  products  other  than  fuel  oil.  Similarly, 
many  of  the  sales  of  natural  gas  are  made  at  prices 
below  the  average  cost  of  transportation,  even  though 
the  gas  sold  is  substantially  a  uniform  product.  It  has 
been  estimated  that  the  average  cost  of  main-line  trans- 


portation, including  a  moderate  return  on  investment, 
is  3  to  4  cents  per  1,000  cubic  feet  of  gas  per  100  miles.-' 
On  this  basis,  natural  gas  consumed  in  Illinois,  most 
of  which  comes  from  Louisiana,  the  Panhandle  of 
Texas,  or  southwestern  Kansas,  would  require  an 
average  outlay  for  transportation  of  at  least  16  to  24 
cents,  yet  the  average  price  to  industrial  consumers  in 
1936  was  only  18.4  cents.-^  A  similar  relationship 
exists  for  Indiana  and  possibly  Michigan,  focal  states 
in  eastern  coal  competition.  Part  of  the  industrial 
sales  of  gas  are  made  at  extremely  low  rates  to  so- 
called  "main-line  industrial"  consumers."''  To  the  ex- 
tent that  these  low  rates  induce  consumption  of  gas 
for  needs  that  could  be  met  equally  well  by  the  more 
abundant  coal,  the  sales  of  such  gas  are  for  inferior 
use.  Rapid  exhaustion  of  relatively  scarce  fuel  re- 
sources by  turning  them  into  low-grade  use  is  injuri- 
ous to  the  long-term  interests  of  the  higher  levels  of 
consumption.  Hence,  directive  control  to  relate  con- 
sumption to  volume  of  reserves  is  needed  to  achieve  a 
balance  that  unrestricted  competitive  development  fails 
to  accomplish. 

Avenues  feasible  for  such  control  are  two  in  number : 
(1)  price  regulation,  and  (2)  taxation.  It  is  not  usu- 
ally considered  within  the  province  of  democratic  gov- 
ernment to  dictate  to  consumers  what  they  shall  or 
shall  not  consume.  Prohibition  of  certain  kinds  of 
fuel  consumption  should  be  a  measure  of  last  resort. 
Although  such  measures  are  often  used  abroad,  the 
condition  of  fuel  resources  in  United  States  has  not 
reached  the  point  of  making  such  desperate  steps  nec- 
essary. Milder  means  seem  adequate  to  the  task  of 
conserving  the  resources  to  their  most  beneficial  uses. 
In  general,  efforts  should  be  directed  to  a  mere  modi- 
fication of  conditions  to  be  met  before  consumption  is 
permitted,  and  not  to  an  actual  veto  of  consumption, 
the  central  idea  being  that  attitudes  should  be  altered 
to  conform  to  the  needs  of  balanced  utilization. 

The  Federal  Government  has  already  tmder taken  to 
regulate  prices  of  coal,  and  it  regulates  rates  charged 
by  interstate  carriers  of  fuels.  Its  regulation  of  coal 
prices  will  not  promote  larger  consumption  of  coal. 
"Fair  prices"  worked  out  imder  the  act  will  undoubt- 
edly be  somewhat  higher  than  those  the  industry  has 
been    able   to    maintain    without   regulation.     Higher 


^  Water  power  involves  a  similar  cost  relationship  because  the  cost  of 
the  dam  is  the  principal  item.  Unless  the  flow  of  water  can  be  regu- 
lated to  meet  variations  in  demand,  off-peak  demand  should  he  en- 
couraged to  prevent  wastage  of  power. 


^Judson  C.  Dickerman.  "Organization  of  the  Production.  Transpor- 
tation, and  Distribution  of  Natural  and  Manufactured  Gas  in  the 
United  States  of  America."  Third  'World  Power  Conferente,  Section  II, 
Paper  No.  C,  Washington,  D.  C,  1936,  p.  7. 

^Minerals  Yearbook.  193S,  pp.  30  and  939-12. 

=«  Cf.  Brief  on  Behalf  of  Legislation  Imposing  an  Excise  Tax  on 
Natural  (fas,  submitted  to  the  Division  of  Economic  Research  and 
Planning  of  the  N.  R.  A.  by  the  National  Coal  Association  and  the 
United  Mine  Workers  of  America,  March  13,  1934,  Washington,  D.  C. 
Table  IV,  p.  59,  gives  a  compilation  of  data  published  hy  the  American 
Gas  Association. 


Energy  Resources  and  National  Policy 


91 


prices  for  coal  encourage  the  use  of  oil  and  gas.  Reg- 
ulation of  pipe-line  rates  has  probably  had  a  minor 
effect  on  the  delivered  price  of  oil  and  gas,  although  it 
has  tended  to  reduce  discrimination  among  shippers 
and  areas.  Government  ownership  of  pipe  lines  would 
enlarge  the  sphere  of  Governmental  control,  but  it 
would  also  transfer  to  the  Government  the  business 
problems  of  the  industry.  At  best  it  would  be  a  back- 
handed approach  to  the  problem  of  conservation. 

It  should  be  observed  that  the  type  of  rate  charged 
for  transportation  service  affects  markedly  the  scale 
of  prices  for  the  delivered  product.  A  flat  charge  for 
the  use  of  pipe-line  facilities  will  encourage  price  cut- 
ting for  olf-peak  loads,  and  therefore  it  \\\\\  increase 
low-grade  use  of  the  resources.  On  the  other  hand,  a 
metered  rate,  for  example,  15  cents  per  thousand  cubic 
feet  of  gas  transported,  places  a  floor  below  which 
prices  cannot  be  cut.  Although  such  a  rate  may  raise 
the  average  cost  of  the  delivered  jiroduct,  it  would  be 
favorable  to  conservation.  The  ([uestion  arises  whether 
conservation  is  worth  the  jirice.  Considering  the  ab- 
solute dependence  of  our  civilization  on  energ\'  re- 
sources, the  answer  is  clear. 

Railroad  freight  rates  are  already  on  a  "metered" 
basis.  Since  tlie  bulk  of  the  coal  mined  is  transported 
by  rail,  the  delivered  price  of  coal  has  a  minimum  set 
by  the  per-ton  freight  charge.  Price  cutting  at  the 
point  of  consumption  is  thus  restricted  to  a  plane  above 
this  unit  charge.  Natural  gas,  being  transported  by 
pipe  lines,  is  in  a  wholly  different  category.  In  1937, 
G2  i)ercent  of  the  marketed  natural  gas  production  of 
the  country  was  in  Oklahoma,  Texas,  and  Louisiana. 
Part  of  the  gas  produced  is  consumed  in  gas  fields  or 
ui  nearby  urban  centers.  Regulation  of  pipe-line  rates 
for  the  portions  of  the  gas  not  transported  to  distant 
points  would  have  little  effect  on  consumer  prices. 
Long-distance  transportation  of  natural  gas,  however, 
i.s  gaining  rapidly.  In  1927,  gas  was  not  piped  from 
any  producing  State  beyond  a  contiguous  State.  At  the 
present  time,  gas  from  wells  in  Texas  is  piped  into 
Michigan.  More  than  one-fourth  of  the  natural  gas 
produced  in  1936  entered  interstate  commerce.  The 
l)ro]iortion  probably  inci-e^sed  in  1037  and  1938.  If 
gas  consumed  in  or  near  the  producing  fields,  for  the 
manufacture  of  carbon  black,  for  drilling,  for  pump- 
ing, or  for  operating  gasoline  recovery  plants,  were 
excluded  from  the  count,  the  proportion  of  interstate 
commerce  would  have  been  close  to  one-half.  Since 
Federal  regulation  is  applicable  to  this  commerce,  the 
rate  schedules  previously  suggested  could  be  arranged 
to  promote  reservation  of  the  supply  to  a  greater  extent 
for  high-grade  uses. 

The  levjf  of  an  excise  tax  on  gas  would  have  more 
far-reaching  effects  than  regulation  of  gas  transporta- 


tion. One  may  cite  in  favor  of  a  unilumi  lax  levy 
per  unit  of  consumption  that  it  would  have  less  pro- 
portionate effect  on  high-priced  gas  than  on  low-priced 
gas.  To  illustrate  the  point:  a  tax  of  10  cents  per 
tliousand  cubic  feet  would  double  the  price  of  gas  pre- 
viously selling  at  10  cents,  whereas  it  would  increase 
70-cent  gas  only  one-seventh,  assuming,  of  course,  that 
the  tax  is  passed  to  consumers.  A  general  penalty  tax 
might  be  less  harmful  than  the  penalty  unavoidably 
exacted  when  gas  reserves  begin  to  wane.  Whereas 
rates  for  natural  gas  with  a  heat  value  of  1,075  B.  t.  u. 
per  cubic  foot  commonly  run  45  cents  to  60  cents  per 
thousand  cubic  feet  even  for  small-scale  users,  those  for 
manufactured  gas  of  about  530  B.  t.  u.  typically  aver- 
age more  than  one  dollar  per  thousand  cubic  feet. 
From  this  comparison  it  is  seen  that  manufactured  gas 
commoidy  costs  four  times  as  much  as  natural  gas  for 
equivalent  heat  value,  an  increase  far  greater  than  an 
effective  tax  would  impose.  A  general  tax,  neverthe- 
less, should  be  avoided  until  other  measures  of  control 
prove  to  be  inadequate  for  the  task  of  conservation. 

A  selective  tax  on  gas,  such  as  one  for  designated 
uses,  could  control  consumption  almost  at  will.  The 
real  need,  however,  is  not  for  intricately  ix'giinented 
consumption  such  as  that  instituted  under  dictatorships 
but  rather  for  reasonable  prudence  in  utilization.  A 
tax  on  sales  below  a  certain  price  would  bo  far  less 
drastic  and  would  tend  to  eliminate  low-grade  uses 
while  at  the  same  time  leaving  a  considerable  measui'e 
of  discretion  to  consumers.  Gas  not  sold,  of  course, 
would  escape  taxation.  On  the  other  hand,  the  plan 
would  lead  to  the  problem  of  avoiding  multiple  taxa- 
tion of  repeat  sales  of  gas.  The  effects  would  be  sim- 
ilar to  those  of  metered  rates  for  transportation  of 
gas.  But,  owing  to  the  application  of  the  tax  to  much 
intrastate  commerce  as  well  as  to  substantially  all  in- 
terstate commerce,  it  would  be  a  step  ahead  of  regula- 
tion of  interstate  carriers. 

Again,  it  should  not  be  assumed  that  a  uniform  pen- 
alty would  achieve  unifoi-m  results  with  regard  to 
conservation.  For  some  consumers,  the  desired  ob- 
jective of  turning  them  to  utilization  of  the  more 
abundant  coal  reserves  would  be  accomplished  with 
only  small  increases  in  the  price  of  gas.  Other  con- 
sumers either  would  have  to  absorb  price  increases,  how- 
ever large,  or  discontinue  consumption  of  fuel.  The 
effects  of  price  manipulation  are  thus  very  unevenly 
distributed.  Because  most  of  the  States  producing 
natural  gas  are  not  large  producers  of  coal,  intrastate 
comiwtition  between  coal  and  gas  is  relatively  less 
severe  than  that  in  interstate  shipments.  Control 
through  regulation  of  interstate  connnerce  therefore 
ma}'  go  a  long  way  towai'd  rationalizing  demand. 
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A  similar  problem  appears  in  connection  with  pipe- 
line shipments  of  oil  eastward  from  the  western  pro- 
ducing fields.  Undoubtedly  the  largest  market  for 
oil  is  in  the  populous  section  of  the  country  east  of  the 
Mississippi  Kiver  and  north  of  the  Ohio  and  Potomac 
Eivei-s,  the  section  that  is  by  far  the  largest  consumer 
of  coal.  But  about  nine-tenths  of  the  crude  petroleum 
is  produced  west  of  the  Mississippi  River.  Control  of 
the  enormous  flow  of  oil  from  the  midcontinent  jaro- 
ducing  fields  northeastward  to  consuming  States  along 
the  lines  described  for  natural  gas  could  be  a  weighty 
factor  in  conservation. 

Unlike  natural  gas,  however,  substantial  quantities 
of  oil  are  brought  by  tank  ships  from  the  Gulf  Coast 
fields  and  from  foreign  countries  to  the  Middle  and 
North  Atlantic  States.  Of  the  various  petroleum  prod- 
ucts, except  petroleum  coke,  fuel  oil  is  in  the  most  direct 
competition  with  coal.  The  possibilities  of  automatic 
oil  heating  of  homes  did  not  attract  market  attention 
until  1918,  and  sales  of  oil  for  domestic  heating  did  not 
grow  rapidly  until  1923."  That  consumption  of  oil 
for  heating  has  continued  to  grow  in  recent  years  is 
indicated  by  the  increase  in  sales  of  heating  and  range 
oils  from  77  million  barrels  in  1934  to  127  million  bar- 
rels in  1936.-'^  In  the  latter  year,  56  percent  of  the 
sales  were  in  the  six  New  England  and  Middle  Atlantic 
States,  Massachusetts,  Rhode  Island,  Connecticut,  New 
York,  New  Jersey,  and  Pennsylvania.^'  Two  States, 
New  York  and  ISIassachusetts,  took  more  than  a  third 
of  the  national  total.  These  States  lie  in  the  heart  of 
the  anthracite  market.  Although  anthracite  reserves 
are  not  nearly  so  plentiful  as  bituminous  coal  reserves, 
they  are  many  times  as  large  in  relation  to  demand  as 
are  the  reserves  of  petroleum.  No  doubt  the  downward 
trend  of  anthracite  production  can  be  traced  in  large 
part  to  the  growth  of  fuel  oil  consumption  within  the 
anthracite  market  area.  If  only  the  question  of  con- 
servation be  considered,  this  growth  is  objectionable  on 
the  score  that  it  means  accelerated  depletion  of  a  fuel 
reserve  already  well  on  the  road  to  exhaustion.  There 
does  not  seem  to  be  much  that  can  be  done  through  vol- 
untary cooperation  to  bring  about  a  reversal  of  this 
trend.  Any  action  now  taken  will  have  the  handicap 
of  an  extremely  late  start.  Dispensing  of  fuel  oil  is  a 
major  business,  and,  in  addition,  millions  of  dollars 
have  been  invested  by  consumers  in  oil-burning  equip- 
ment. These  developments  cannot  be  undone  innocu- 
ously by  intervention;  but  the  question  remains 
whether  continued  expansion  of  fuel  oil  consumption 


==  See  the  data  in  E.  B.  Swanson,  tiational  Survey  of  Fuel  Oil  Dis- 
tribution, I92n,  V.  S.  Bureau  of  Mines  (printed  by  American  Petroleum 
Institute,  November  1930).  p.  10. 

»D.  S.  Bureau  of  Mines,  Statistical  and  Economic  Surveys,  Petro- 
leum Economics  Division,  Mineral  Markets  Reports,  No.  M.  M.  S.  600, 
October  26,  1937  (mimeographed). 

^  Ibid. 


should  be  permitted,  only  to  be  choked  off  along  with 
other  more  necessitous  uses  by  eventual  failure  of  re- 
serves. A  wise  conservation  policy  would  reserve  pe- 
troleum "for  those  special  automotive  needs  that  can 
be  served  best  by  a  liquid  fuel  *  *  *"  "^  Coal  stok- 
ers can  now  provide  automatic  control  of  firing  with 
either  anthracite  or  bituminous  coal.  The  old  argu- 
ment for  the  use  of  oil  to  give  automatic  control  has 
lost  much  of  its  force.  Coal  stokers  are  coming  into 
use  rapidly.  They  probably  will  not  be  adopted  on  a 
wide  enough  scale,  however,  immediately  to  reverse  the 
trend  toward  fuel  oil.  Total  sales  of  stokers  were 
101,800  in  1937,  whereas  sales  of  oil  burners  were  almost 
twice  as  large. 

Regulation  of  fuel-oil  prices  would  be  a  difficult  un- 
dertaking owing  to  the  consumption  of  fuel  oil  in  re- 
finery cracking  plants,  as  well  as  in  space  heating. 
The  use  of  fuel  oil  for  the  higlily  efficient  Diesel  motors 
further  complicates  the  problem.  Likewise  a  gallon- 
age  tax  on  fuel  oil  for  space  heating  and  steam  produc- 
tion in  power  plants,  such  as  has  been  proposed  in  the 
legislature  of  Pennsylvania,  would  not  be  a  simple 
solution.  Such  a  tax  probably  would  arouse  opposi- 
tion in  all  but  the  coal-mining  areas,  even  though  it 
might  be  a  boon  to  the  long-term  interests  of  motorists. 
The  temptation  to  let  matters  run  as  they  will  and  to 
rebuild  fences  after  they  are  broken  is  probably  too 
strong  to  be  overcome.  A  courageous  program  for  con- 
servation, nevertheless,  should  include  some  means  for 
retardation  of  this  wasteful  use  of  oil.  A  tax  high 
enough  gradually  to  discourage  the  directing  of  fuel 
oil  into  such  use  would  be  preferable  to  inaction. 

Numerous  persons  in  the  coal  industi-y  have  advo- 
cated a  higher  tariff  on  imported  oil,  especially  to  pre- 
vent encroachment  of  fuel  oil  into  the  heating  market. 
The  rate  of  one-half  cent  per  gallon,  it  is  asserted, 
should  be  raised  to  three  cents  per  gallon.  This  type  of 
tax  might  help  to  conserve  foreign  resources  of  oil.  It 
probably  would  do  so  at  the  exi^ense  of  domestic  re- 
sources. Although  it  may  be  in  point  to  consider 
what  foreign  sources  of  oil  will  be  tapped  when  the 
domestic  supply  fails,  the  immediate  need  is  for  do- 
mestic conservation.  Consequently,  if  nothing  is  done 
at  home  to  prolong  the  life  of  the  reserves,  it  would  be 
an  eiTor  to  give  an  added  advantage  of  extended  life 
to  foreign  fields.  The  tariff  canopy,  so  often  raised, 
might  provide  a  little  shelter  to  the  coal  industry,  but 
it  would  be  a  backward  step  insofar  as  conservation 
is  concerned. 

Let  it  be  repeated  that  conservation  of  the  Nation's 
relatively  scarce  fuel  resources,  oil  and  gas,  needs  to 
proceed  as  far  as  possible  through  improving  the  use- 
fulness  and   therefore   the   bargaining   power  of   the 


-"  Rice,  Fieldner,  and  Tryon,  op.  cit.,  p.  48. 
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more  abuinlaiit  coal  resources.  Direct  inlerveiition  by 
governmental  bodies  is  not  a  panacea  for  conservation 
or  for  the  poor  operating  position  of  the  coal  industry. 
The  more  accomplishment  along  technological  lines  to 
correct  the  maladjustment  between  utilization  and  re- 
serve supply,  the  fewer  the  headaches  to  be  expected 
from  goverimiental  intervention.  Indeed,  it  is  prob- 
able that  much  action  now  considered  essential  may 
be  quite  unnecessary  after  technology  has  been  directed 
to  serve  the  interests  of  conservation. 

It  is  recognized  that  only  the  critical  points  in  the 
problem  of  balanced  utilization  of  fuels  have  been  dis- 
cussed. A  thorough  program  of  conservation  designed 
to  preserve  diversity  in  the  Nation's  energy  resources 
for  many  generations  probably  would  have  to  go  be- 
yond the  suggestions  made.  Plans,  of  course,  must  be 
developed  on  the  basis  of  current  knowledge,  but  un- 
foreseen developments  in  the  future,  such  as  additional 
discoveries  of  oil  and  gas  and  innovations  in  fuel  utili- 
zation, tending  to  overcome  the  handicaps  of  exhaus- 
tion of  portions  of  the  fuel  supply,  may  justify  a  meas- 
ure of  caution  in  the  scope  of  the  conservation  program. 
Unless  the  critical  phases  are  attacked,  other  controls 
cannot  have  much  cliancc  of  success.  The  ideal  a]>por- 
tionment  of  fuel  reserves  among  the  channels  of  con- 
sumption would  be  one  that  maintains  a  slight  upward 
inclination  in  the  long-term  trend  of  coal  consumption 
in  the  interim  that  oil  and  gas — both  showing  marked 
upward  trends  at  the  present  time — are  produced  in 
quantities  adequate  to  meet  market  demands.  In  this 
way  an  easier  transition  may  be  effected  when  exhaus- 
tion begins  to  take  toll  through  higher  prices  for  oil 
and  gas  or  through  enforced  shifts  to  coal  for  uses  in 
which  liquid  or  gaseous  fuels  are  advantageous. 

Losses  in  Coal  Mining  and  Handling 

In  the  mining  and  handling  of  coal,  a  portion  is  left 
in  tlie  mine,  thrown  on  the  refuse  pile,  or  scattered 
around  where  it  becomes  unavailable.  Coal  abandoned 
underground  during  mining  is  usually  lost  forever. 
Buckles,  cave-ins,  and  inflows  of  water  generally  ren- 
der the  remaining  coal  inaccessible  or  minable  only 
at  gi'eat  risk  and  expense.  The  low-  value  of  coal  per 
miit  of  bulk  is  unfavorable  to  reworking  of  mines, 
although  the  tendency  is  not  uniform.  Since  coal  var- 
ies in  price  according  to  quality  and  location,  a  differ- 
ence in  inducement  exists  among  various  mines.  Nat- 
urally, there  is  less  incentive  to  go  back  for  low-rank 
coal  than  for  high-rank  coal.  Although  bituminous 
coal  inines  are  rarely  reopened — some  exceptions  occur 
around  large  uriian  centers — after  initial  mining  op- 
erations are  completed,  anthi'acite  mines  are  sometimes 


reopened  for  further  mining.  One  anthracite  mine  in 
which  mining  was  "completed"  40  years  ago  h;vs  pro- 
duced more  coal  since  its  operation  was  resumed  than 
it  did  before.-"  More  than  half  the  coal,  however,  was 
left  in  the  mine  when  the  initial  operations  were  ter- 
minated. With  more  efficient  mining  methods  being 
used  todaj',  less  coal  remains  as  an  inducement  for  min- 
ing old  workings.  Consequently,  elimination  of  loss 
requires  thorough  working  of  the  mine  before  it  is 
abandoned  as  a  completed  job.^" 

Under  current  methods,  coal-mining  operations  leave 
millions  of  tons  of  coal  in  the  ground  in  a  condition 
that  makes  future  recovery  unlikely  even  at  marked 
increases  in  prices.  Elimination  of  this  loss  leads  into 
numerous  practical  problems  concerning  the  mining 
and  handling  of  the  coal.  These  problems  are  discussed 
in  detail  in  part  III,  section  I,  written  by  George  H. 
Ashley,  State  geologist  of  Pennsylvania,  whose  long 
experience  with  the  coal  industry  has  enabled  him  not 
only  to  gain  an  intimate  knowledge  of  the  causes  of 
loss  but  also  to  gauge  trends  and  to  evaluate  remedies. 
Since  physical  loss  of  coal  resources  is  a  part  of  the 
conservation  c[uestion  quite  as  much  as  the  determi- 
nation of  what  fuel  resource  is  to  be  used  as  the  Na- 
tion's energy  source  and  how  efficiently  it  will  be  con- 
sumed, coal  losses  are  considered  in  this  chapter  with 
respect  to  the  general  program  of  coal  conservation. 
Attention  is  drawn  especially  to  the  extent  of  the  losses 
and  to  the  advantages  to  be  derived  from  loss  elimina- 
tion. 

Coal  losses  were  investigated  by  the  United  States 
Coal  Counnission,^^  created  in  September  1922,  as  a 
result  of  the  post-war  plight  of  the  coal  industry.  This 
Commi.ssion,  jwpularly  called  the  Hammond  Commis- 
sion in  lionor  of  its  chairman,  John  Hays  Ilannnond, 
assigned  engineers  to  the  task  of  studying  losses  under 
actual  operating  conditions.  There  were  71  bituminous 
coal  mining  districts  in  10  States  east  of  the  Missis- 
sippi River — the  bulk  of  the  production  being  in  those 
States — included  in  the  survey  made  in  1923.  Field 
examinations  were  made  of  331  mines,  and  data  were 
collected  in  addition  from  1,049  mines."  Mines  rep- 
resented in  the  report  accounted  for  30  percent  of  the 
total  production  in  1921  in  Pennsylvania,  20  percent 
in  West  Virginia,  15  percent  in  Ohio  (the  smallest  per- 
centage for  any  State),  55  percent  in  Illinois,  and  80 
percent   in  Virginia.     Data   having  perhaps   a   better 


=»  Henry  Mace  I'ayne,  "The  Coal  Industry,"  in  J.  G.  Glover  and 
W.  B.  CorneU,  The  Development  of  American  Industries  (N.  Y.,  Pren- 
Hce-HaU,  Inc.,  1932),  p.  338. 

so  Mines  abandoned  before  completion,  of  course,  are  in  a  different 
category. 

="  Not  to  be  confused  with  the  National  Bituminous  Coal  Commission 
created  in   1937   to   regulate  the  bituminous  coal  Industry. 

» Report  of  the  United  States  Coal  Commission,  Washington,  1925, 
p.  1848. 
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average  coverage  were  gathered  for  the  Pemisylvania 
anthracite  industry .^^ 

The  investigators  found  six  principal  reasons  for 
losses  in  the  bituminous  coal  industry,  reasons  which 
apply  in  a  general  way  also  to  the  anthracite  industry. 
They  are  as  follows,  in  approximate  order  of  im- 
portance : 

1.  Coal  lost  in  room,,  entry,  and  panel  pillars  left  in 
the  mine. — This  loss  ran  as  high  as  45  percent  of  the 
reserves  worked  in  one  district,  and  it  usually  amounted 
to  10  percent  or  more.  In  strip-mining  areas,  of  course, 
the  loss  was  eliminated. 

2.  Coal  lost  in  preparation  and  handUng — under- 
ground and  surface. — This  loss  was  an  appreciable 
item  in  all  the  districts  examined.  It  was  usually  about 
4  or  5  percent  of  the  reserves  worked.  No  doubt,  most 
of  this  loss  resulted  from  inefficient  methods  or  from 
carelessness  in  handling;  and,  therefore,  it  should  be 
classified  as  avoidable  loss. 

3.  Coal  lost  hecause  of  thin  or  dirty  ieds  rolls  in 
the  coal-iearing  strata,  or  the  existence  of  overlying 
streaftns. — Some  coal  was  in  beds  below  the  minimum 
required  thickness  for  mining,  or  excessive  dirt  in  the 
bed  made  it  unprofitable  to  mine.  Rolls,  or  "bulges," 
in  tlie  beds  interfered  at  times.  Often  it  was  neces- 
saiy  to  leave  coal  under  streams  to  prevent  an  inflow 
of  water.  Although  losses  from  these  causes  were  10 
to  16  percent  for  about  one-tenth  of  the  mining  dis- 
tricts, in  a  majority  of  the  districts  they  were  only  2  to 
4  percent. 

4.  Coal  left  on  the  roof  and  hottom. — Maryland, 
Pennsylvania,  and  West  Virginia  mining  districts 
showed  higher  losses  from  this  cause  than  did  most  of 
the  districts  in  other  states;  the  average  loss  for  all 
areas  was  slightly  less  than  3  percent.  In  some  areas, 
where  the  roof  structure  above  the  coal  was  too  soft  to 
be  supported  safely  by  timbering,  the  loss  was  un- 
avoidable. Sometimes,  also,  the  top  or  bottom  coal 
M'as  below  the  required  standard  of  quality.  It  fre- 
quently happens  that,  as  in  mines  near  Clarion,  Pa., 
1  or  2  inches  of  coal  are  left  on  the  floor  to  prevent 
the  track  from  sinking  into  the  soft  clay  underfoot,  or 
the  clay  bed  on  the  floor  covers  a  thin  coal  bed,  as  it 
does  in  the  Coal  Creek  district  of  Tennessee;  but  re- 
covery of  the  underlying  band  is  too  expensive  to  un- 
dertake. This  loss  was  considered  unavoidable  by  the 
Coal  Commission  engineers,  although  long-term  in- 
terests might  well  be  served  by  mining  more  of  the 
coal  lost  this  way. 

5.  Coal  lost  in  boundary  pillars  and  v/nder  buildings, 
railroads,  and  other  surface  sfruct^ires. — Most  of  the 
states  have  laws  requiring  boundary  pillars  to  be  left 


^  Hid.,  pt.  II,  p.  655.  Also  Dever  C.  Ashmead,  Anthracite  Losses 
and  Reserves  in  Pennsylvania,  Pennsylvania  Topographic  and  Geo- 
logic Survey,  Bulletin  M-8,  1926. 


between  mining  properties  to  prevent  flooding  of  ad- 
joining mines  and  to  prevent  conflicts  over  ventilation, 
roof  support,  and  trespass.  Probably  half  the  loss  at 
boundaries  could  be  avoided  by  more  careful  mining. 
Consolidation  of  properties  and  unification  of  develop- 
ment could,  of  course,  reduce  the  loss  to  a  negligible 
figure.  Losses  under  surface  structures  could  be 
avoided  by  packing  the  workings  after  the  coal  has 
been  taken  out,  a  usual  practice  in  European  mines, 
but  considered  costly  and  therefore  difficult  to  encour- 
age in  the  United  States,  where  coal  resources  are 
more  extensive  and  wage  rates  are  higher. 

Losses  in  these  boundary  and  surface  supporting  pil- 
lars ranged  from  one  to  two  percent  for  most  of  the 
bituminous  coal-mining  districts  examined.  In  some 
populous  districts,  coal  left  under  urban  centers,  such 
as  the  Pittsburgh  metropolitan  area,  constitutes  a  con- 
siderable tonnage.  This  coal  evidently  was  not  counted 
into  the  losses,  and  if  left  intact  it  may  be  mined  ef- 
fectively by  the  use  of  stowing  methods  in  a  future 
period  of  high  coal  prices. 

6.  Coal  lost  in  oil-well  and  gas-ioell  pillars. — Coal 
left  to  protect  oil  and  gas  wells  driven  through  the 
coal  bed  is  a  very  small  proportion  of  the  total  and 
occurs  only  in  a  few  areas,  such  as  northern  West  Vir- 
ginia, western  Pennsylvania,  and  eastern  Ohio.  States 
often  require  these  pillars  as  a  protection  against  fire 
or  explosion  from  oil  or  gas  seepage.  Wherever  an 
excessive  number  of  wells  has  been  drilled,  a  needless 
waste  of  coal  is  one  of  the  results.  In  West  Virginia, 
however,  many  of  the  wells  have  been  abandoned;  op- 
erators remove  the  coal  up  to  the  wells  and  plug  them 
beneath  the  mine  rather  than  leave  a  pillar  of  coal 
standing. 

In  addition  to  the  losses  already  considered,  large 
tonnages  are  lost  in  overlying  coal  beds  by  mining 
coal  in  beds  below;  but,  since  it  is  difficult  to  deter- 
mine how  much  coal  is  rendered  unminable  in  this 
way,  no  estimates  of  the  extent  of  the  loss  have  been 
provided.  Undermining  of  an  overlying  bed  is  not 
always  disastrous  to  it.  The  Sewickley  bed  in  the 
Fairmont  district  of  West  Virginia  lies  100  feet  above 
the  Pittsburgh  bed;  and,  even  though  the  latter  has 
been  mined  in  many  areas,  the  upper  bed  has  not  been 
affected  and  may  be  recovered  without  difficulty.  On 
the  other  hand,  it  is  often  true,  particulai'ly  when  beds 
are  close  together,  that  mining  of  the  lower  bed  will 
cause  the  upper  bed  to  crack  or  crumple  so  much  that 
mining  becomes  impossible  or  at  least  hazardous  and 
costly.  Extensive  destruction  of  beds  by  mining  of 
underlying  coal  has  occurred  in  northern  West  Vir- 
ginia, the  Clearfield  and  Somerset  districts  of  Penn- 
sylvania, the  Belmont  district  of  Ohio,  and  in  western 
Kentucky. 
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Wliere  successive  Ijeds  are  close  together,  thej'  may 
sometimes  be  worked  as  a  unit.  Ashley  states  in  part 
three,  section  I  of  this  report  that  in  England  beds 
down  to  eight  inches  thick  are  mined  in  conjunction 
with  other  beds.  At  a  strip  mine  near  Huntsville, 
Mo.,  a  14-inch  and  a  48-inch  bed  are  mined  together. 
The  interval  between  the  beds  averages  20  feet.  Sys- 
tematic mining  of  two  or  more  beds  may  often  prevent 
the  loss  of  a  valuable  bed.  In  many  instances,  of 
course,  there  is  no  remedy  except  to  delay  mining  of 
the  lower  beds  until  the  coal  above  has  been  taken. 

In  perspecti\e,  one  nuiy  observe  that  of  the  six  types 
of  measurable  mining  losses,  those  in  room,  entry,  and 
panel  pilhu-s  are  by  far  the  largest.  Such  losses  ac- 
counted for  one-half  to  three-fourths  of  the  recorded 
total,  and,  of  this  proportion,  more  than  half  usually 
was  avoidable  loss.  Chief  blame  for  waste  in  mining, 
therefore,  rests  with  the  method  by  which  pillars  of 
coal  are  left  to  support  the  mine  roof.  Technically 
nearly  all  this  loss  can  be  avoided,  as  it  is  in  Groat 
Britain  and  in  most  of  the  mines  of  continental  Europe. 

Extent  of  Losses 

Aggregate  measurable  bituminous  coal  losses  in  1923 
were  estimated  at  34.7  [)erceat  of  the  resources  of 
marketable  coal  being  worked.^^  Stated  differently, 
about  one-half  ton  was  lost  for  each  ton  produced. 
Among  the  10  States  covered,  losses  ran  as  low  as  20 
Ijercent,  the  average  loss  in  Virginia,  and  as  high  as 
49  percent,  (lie  average  loss  in  Illinois  (table  5).  Pro- 
duction of  bituminous  coal  in  1921,  a  depression  3'ear, 
was  369  million  net  tons,  and  losses  were  estimated  by 
the  Coal  Commission  (using  the  1923  ratio)  to  have 
been  19G  million  net  tons.  This  loss  would  meet  the 
annual  consumption  requirements  of  at  least  34  States 
outside  the  heavy  coal-consuming  section  in  the  north- 
east.'^ Losses  of  Pennsylvania  anthracite,  determined 
for  1921,  were  38.9  percent  of  the  resources  in  the  beds 
worked — 34. G  percent  was  lost  in  mining  and  4.3  per- 
cent in  preparation.^"  In  the  southern  field  of  the 
anthracite  region,  where  the  beds  are  markedly  folded 
and  faulted,  the  loss  M-as  51.0  percent;  that  is,  more 
coal  was  lost  than  was  recovered;  but  in  the  more 
easily  mined  beds  of  the  eastern  middle  field  the  loss 
was  30.6  percent  (tabh;  6). 

Evidence  for  earlier  years,  although  less  complete 
than  that  for  1923,  indicates  higher  ratios  of  loss.  In 
1850,  64  percent  of  the  bituminous  coal  and  7o  percent 
of  the  anthracite  is  believed  to  have  been  lost  in  the 
process  of  mining.  The  loss  ratios,  in  1880,  were  50 
percent  for  bituminous  coal  and  60  percent  for  anthra- 


'^  Report  of  the  United  States  Coal  Commission,  1!>25,  p.  1857. 

"^  Cf.  Fritz  and  Veenstra,  op.  cit.,  clis.  4  and  8. 

'' Report  of  the  United  States  Coal  Commission,  1925,  p.  655. 
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cite,  a  level  considerably  above  the  1923  ratios.  Unfor- 
tunately, no  data  on  losses  are  available  for  the  years 
between  1880  and  1923,  and  no  data  suitable  for  com- 
parisons are  available  for  subsequent  years.  The  gen- 
eral opinion  among  authorities  is  that  losses  are  about 
the  same  as  they  were  at  the  time  of  the  Coal  Commis- 
sion study;  they  maj'  have  increased.  F.  G.  Tryon 
gives  as  his  impression,  for  example,  that  coal  recov- 
ery did  not  improve  from  1929  to  1934,  and  that,  on  the 
whole,  waste  is  greater  than  it  was  previously."  De- 
pressed conditions  in  the  coal  industry  in  the  post-war 
period  have  not  been  conducive  to  more  thorough  min- 
ing. In  fact,  the  uncertainties  of  the  industry  have  en- 
couraged a  wasteful,  opportunistic  skinuning  without 
much  thought  for  the  future.  Then,  too,  the  introduc- 
tion of  numerous  cumbersome  machines,  such  as  the 
types  of  cutting  macliines  that  leave  slabs  of  coal  on 
the  floor  of  the  mine,  or  those  that  are  too  cumbersome 
to  be  moved  into  thin  or  irregular  portions  of  the  bed, 

Tabu:   5. — Proportion   of   avoidable   and   unavoidable   Ions   in 
bituminous  coal  mines  in  10  States  investigated  in  1923 


State 


Alabama 

niinois 

Indiana 

Kentucky 

Maryland 

Ohio 

Pennsylvania.. 

Tennessee 

Virginia 

West  Virginia. 

Average. 


Loss  In  percentage  of  original  coal  content 


Avoidable     Unavoidable       Total 


18.0 
29.7 
28.7 
11.8 
12.7 
20.0 
15.5 
13.2 
6.0 
10.5 


19.4 


15.3 


14.9 

32.9 

19.3 

49.0 

15.5 

42.2 

18.9 

30.7 

18.0 

30.7 

14.0 

40.0 

13.1 

28.6 

11.5 

24.7 

15.0 

20.0 

12.3 

22.8 

34.7 


Source  :  Report   of  the  United  States  Coal  Commission,  1925,  pt.   Ill, 

p.  1S57. 

Table   6. — Provortion  of   loss   in  mining   and   preparation   of 
Pennsylvania  anthracite,  by  fields,  1921 


Field 


Northern , 

Eastern  Middle.. 
Western  Middle- 
Southern 


All  fields. 


Loss  in  percentage  of  original  coal  content 


In  mining 


29.3 
26.3 
38.0 
46.2 


34.6 


In  prepara- 
tion 


3.7 
4.3 
5.9 
4.8 


4.3 


Total 


33.0 
30.6 
41.9 
51.0 


38.9 


Source :  Report  of  the  United  States  Coal  Commission,  1925,  pt.  II, 
p.  655. 


2'TcsUmony  in  the  Carter  Coal  case,  Supreme  Court  of  the  United 
States,  October  Term,  No.  C36,  Transcript  of  Record,  vol.  I,  p,  324. 
Sec  also  James  D.  Sisler,  "Economic  Aspects  of  Bituminous  Coal  Losses 
in  Ohio,  Pennsylvania,  and  West  Virginia,"  Transactions,  American 
Institute  of  Mining  and  Metallurgical  Engineers,  Coal  Division,  1931, 
pp.  196-202. 
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have  not  aided,  and  may  actually  have  hindered,  reduc- 
tion of  losses.  Very  lilcely,  loss  of  approximately  one- 
half  ton  for  each  ton  of  either  bituminous  coal  or  an- 
thracite produced  is  typical  of  current  mining  practice. 
Under  the  best  conceivable  mining  methods,  some 
loss,  perhaps  5  percent  or  less,  would  be  inevitable,  but 
such  high  recovery  would  probably  be  impracticable. 
Only  the  losses  reasonably  avoidable  constitute  actual 
waste  of  coal.  Engineers  working  for  the  Coal  Com- 
mission in  1923  came  to  the  conclusion  that  bituminous 
coal  losses  could  be  reduced  from  34.7  percent  of  the 
content  of  the  workings  to  15.3  percent  and  anthracite 
losses  from  38.9  to  30  percent.^*  Avoidable  losses 
(waste)  of  bituminous  coal  were  estimated  at  19.4  per- 
cent. In  the  anthracite  fields,  a  much  smaller  propor- 
tion of  the  actual  loss  was  avoidable,  owing  to  the 
marked  irregularity  of  the  beds  and  the  greater  diffi- 
culty of  recovery.  An  examination  of  what  was  in- 
cluded as  unavoidable  loss  suggests  that  the  estimates 
were  conservative ;  that  is,  conservation  methods  might 
easily  reduce  losses  to  less  than  the  percentages  speci- 
fied as  the  goal  for  the  future.  Extreme  precautions, 
of  course,  are  not  likely  to  be  taken  until  the  Nation  is 
driven  to  them  by  necessity.  Thus  in  western  Europe, 
where  the  provision  of  energy  plays  a  larger  part  in 
the  economic  struggle,  losses  usually  are  only  5  to  10 
percent,^^  or  only  about  one-sixth  to  one-third  as  great 
relatively  as  in  the  United  States.  Nevertheless,  one 
must  recognize,  as  a  practical  consideration,  the  good 
fortune  of  the  United  States  in  having  enormous  re- 
serves of  coal.  Losses  of  about  15  percent  for  bitu- 
minous coal  mines  and  of  about  twice  that  much  for 
anthracite  mines,  therefore,  may  be  termed  a  destruc- 
tion requisite  for  expeditious  mining  of  the  coal  in 
large  volume  at  low  cost. 

Prevention  of  Losses 

An  attack  on  the  problem  of  waste  in  mining  should 
direct  major  attention  to  the  system  of  mining  whereby 
pillars  of  coal  are  left  standing  in  the  mine.  Waste 
from  this  source  exceeds  that  from  all  other  sources 
combined.  Areas  with  the  highest  avoidable  losses 
are  usually  those  with  the  largest  losses  in  pillars. 

The  room-and-pillar  method  of  mining  jDredominates 
in  the  United  States.  There  are  numerous  variations 
of  the  method,  but  they  have  in  common  mining  of  the 
coal  along  comparatively  narrow  faces,  or  walls,  with 
pillars,  and  often  entire  panels,  of  coal  being  left  at 
intervals  to  support  the  roof  of  the  mine.  Under  the 
more  wasteful  practices,  the  pillars  and  panels  are  never 
removed. 


Pillar  recovery  presents  a  difficult  problem  in  some 
areas  because  of  damage  to  surface  structures  or  farm 
land  from  surface  subsidence.  Mining  companies  are 
often  confronted  with  excessive  claims  for  damage, 
and,  rather  than  incur  this  risk,  they  prefer  to  leave 
supporting  pillars  of  coal.  Subsidence,  of  course,  is  a 
serious  problem,  particularly  in  rich  agricultural  States 
such  as  Illinois,  where  land  may  be  rendered  almost 
wortliless  in  a  short  time  by  subsidence.  The  special 
circumstances  of  each  area  should  be  studied  with  a 
view  to  developing  methods  suitable  to  the  conditions 
existing.  Packing  of  the  mine  cavity  to  support  the 
overburden  of  rock  and  dirt  is  usually  an  effective  solu- 
tion. Hydraulic  stowing,  pneumatic  stowing,  and 
hand  packing  are  employed  extensively  in  Germany, 
but  with  the  best  of  cai'e  subsidence  of  5  percent  of  the 
thickness  of  the  workings  usually  occurs,  and,  with 
hand  packing  of  rock  and  refuse,  subsidence  is  usually 
50  to  60  percent.*"  Packing  of  mines  does  not  appear 
to  have  possibilities  of  wide  application  in  the  United 
States.  The  cost  is  high  with  respect  to  the  prices 
obtained  for  coal.  Nevertheless,  systematic  study  may 
reveal  methods  that  may  be  applied.  It  must  be  rec- 
ognized, for  example,  that  methods  of  pipe-line  trans- 
portation have  been  improved  markedly  in  recent 
years,  and  it  might  now  be  possible  to  pipe  surface 
refuse  back  into  the  mine,  thereby  obliterating  un- 
sightly culm  banks  from  the  landscape,  and,  at  the 
same  time,  the  savings  from  elimination  of  haulage  to 
the  banks  may  be  applied  toward  the  cost  of  packing 
the  mine.  In  other  instances,  particularly  where  a 
thick  bed  provides  a  large  return  per  unit  of  area, 
the  surface  land  may  be  restored  to  substantially  its 
former  condition  by  leveling  or  grading.  Some  engi- 
neers are  of  the  opinion  that  it  is  possible  to  keep  sub- 
sidence uniformly  distributed  so  that  not  much  damage 
is  done  and  not  much  leveling  is  necessaiy.*^  Often, 
however,  the  only  alternatives  appear  to  be  (1)  to  leave 
the  coal  unmined  in  areas  of  serious  damage  from  sub- 
sidence until  higher  coal  prices  warrant  the  packing 
of  the  mines,  (2)  to  leave  coal  pillars  standing  to  sup- 
port the  overburden,  or  (3)  to  allow  the  surface  to  fall 
and  introduce  systematic  afforestation  or  plant  grasses 
suitable  for  the  prevention  of  erosion.  Wherever  the 
surface  land  is  of  little  value,  not  much  harm  will 
result  from  uneven  sinking  after  the  coal  underground 
is  removed.  Some  land  in  moderately  flat  areas  may 
return  to  a  stable  condition  if  care  is  taken  to  prevent 
gullies  from  starting.  Thus,  there  are  numerous  ap- 
proaches to  the  problem,  and,  although  rigid  rules 
might  be  laid  down  to  ensure  preservation  of  the  re- 
sources, cooperative  action  directed  to  the  same  end 


"Report  of  the  United  States  Coal  Commission,  1925,  p.  1886. 
=»  National   Resources   Board,   Report,  December  1.   193!,,   pt.    IV,    "Re- 
port of  the  Planning  Committee  for  Mineral  Policy,"  p.  401. 


«  Rice,  Fieldner,  and  Tryon.  op.  cit.,  p.  24. 

«  Report  of  the  United  States  Coal  Commissimi,  1925,  p.  190. 
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appears  preferable  in  order  tliat  an  undue  burden  of 
cost  will  not  be  imposed.  No  great  advantages  are  to 
be  gained  by  making  conservation  measures  unduly 
restrictive.  A  real  need  exists,  nevertheless,  for  begin- 
ning work  on  the  development  of  a  reasonable  and  ef- 
fective c"onservation  policy. 

The  room-and-pillar  method  of  mining  is  the  cheap- 
est and  usually  tlio  best  adapted  for  working  coal  beds 
in  the  Unitctl  States,  but  it  does  encourage  waste  by 
affording  a  temptation  (o  let  pillars  stand  wherever 
tlu'ir  removal  will  increase  the  average  cost  of  mining. 
Inlierently,  longwall  mining  gives  a  higher  recovery 
because,  by  the  nature  of  the  system,  all  the  coal  is 
taken  from  a  long  face,  or  wall,  as  operations  proceed. 
The  roof  may  be  ailowcil  to  dro|)  behind  the  operations 
or  it  may  be  supported  l)y  building  pack  walls  or  ribs. 
The  coal  may  be  taken  on  the  advance  toward  the  outer 
boundaries  of  the  i)roperty  or  on  the  retreat  toward 
the  mine  shaft  after  radial  entryways  have  been  driven 
to  provide  a  means  of  conuuunication.  The  longwall 
advancing  system  is  used  in  northern  Illinois,  where  a 
surprisingly  high  percentage  of  recovery  has  been  ob- 
tained.^- Total  loss  n»ay  be  as  low  as  5  percent,  and 
most  of  it  occurs  in  handling  and  prei)aration.''''  Yet 
the  average  recovery  in  Illinois  is  only  about  50  i)er- 
cent,  and,  in  two  districts,  53  percent  of  the  coal  is 
lost.^*  The  low  average  recovery  is  due  mainly  to  the 
application  of  the  room-and-pillar  method  in  all  but 
the  two  small  northern  districts,  most  of  the  pillars 
being  left  to  prevent  surface  subsidence.  For  average 
American  mining  conditions,  the  longwall  retreating 
system  is  probably  the  most  practicable  of  any  de- 
veloped to  secure  maximum  recovery  of  coal.''^  Theo- 
retically, losses  under  long  wall  retreating  should  be  no 
greater  tlian  tlio^e  under  longwall  advancing,  these 
losses  being  about  5  ])ercent,  but  without  careful  han- 
dling thei'c  is  more  chance  that  stubs  and  irregularities 
may  be  left  behind. 

During  the  post-war  period,  strip  (open-pit)  mining 
has  increased  rapidly.  The  proportion  of  bituminous 
coal  produced  by  stripping  opei'ations  rose  from  1.2 
percent  in  1919  to  6.4  percent  in  1936.  Introduction 
of  larger  and  more  mobile  shovels  has  increa.sed  the 
depth  to  which  strip  mining  may  profitably  go.*'^  The 
effect  of  this  extension  has  been  to  increase  the  per- 
centage of  coal  recovery,  for  by  strip  mining  no  coal  is 
left  in  roofs,  pillars,  or  panels,  and  with  careful  min- 
ing substantially  all  the  coal  can  be  taken;  a  loss  of 


only  5  to  10  i^ercent  is  not  exceptional.*'  The  obvious 
disadvantage  of  strip  mining  is  destruction  of  sur- 
face land.  Unless  special  precautions  are  taken  for 
I'estoration,  topsoil,  clay,  and  rock  become  mixed  to- 
gether in  jumbled  heaps  vulnerable  to  erosion  and 
further  devastation.  In  general,  methods  of  rehabilita- 
tion applicable  to  areas  of  subsidense  apply  also  to 
strip-mined  areas. 

There  are  numerous  losses  of  coal  not  directly  at- 
tending mining  operations.  Isolated  patches  of  coal 
are  left  in  the  ground  for  various  reasons.  Often  the 
owners  of  the  reserves  refu.se  to  sell  or  lease  their  hold- 
ings to  a  mining  company  engaged  in  a  field,  or  the 
coal  is  allowed  to  remain  because  it  lies  under  a  ceme- 
tery or  a  town."  If  such  areas  are  small,  tlie  coal  may 
never  be  recovered. 

A  similar  problem  arises  in  connection  with  prema- 
ture abandonment.  Up  to  1923  the  coal  industry  was 
growing  (very  slowly  in  the  yeare  after  the  war),  anil 
in  addition  a  large  excess  capacity  was  being  created. 
The  subse(iuent  decline  in  the  long-term  trend  of  the 
industry,  with  the  increasingly  severe  competition  re- 
sulting, led  to  baiikrui)tcy  for  a  considerable  propor- 
tion of  the  mining  companies  and  to  wholesale  aban- 
doimient  of  mines  before  the  reserves  in  the  holdings 
were  exhausted.  For  the  jieriod  from  1923  to  1932, 
N.  G.  Alford  recorded  4,802  such  abandonments  east 
of  the  Mississi^jpi  River  and  outside  Ohio,'"'  and  many 
of  the  mines  no  doubt  were  in  such  poor  condition  at 
the  time  of  the  shutdown  that  they  never  will  be  re- 
opened. 

These  losses  in  old  areas  indicate  a  need  of  planned 
and  stable  development  of  mining  activity.  Perhaps 
it  is  not  too  much  to  insist  that  every  mine  opened  shall 
have  a  definite  plan  for  development  coordinated  with 
the  plans  of  other  companies  so  that  wasteful  exploi- 
tation may  be  reduced  to  a  minimum.  An  even  more 
important  need  is  the  filing  of  accurate  maps  with  an 
authorized  repository  to  facilitate  future  mining  of 
reserves  in  the  event  of  abandonment  by  the  original 
operators. 

In  areas  of  rough  topography  or  pitching  beds,  a 
mine  may  begin  at  shallow  depths,  and,  as  the  work 
progresses  into  the  hillside  or  angles  downward, 
greater  depth  is  reached.  This  increasing  depth  leads 
to  higher  costs  of  mining  and  frequently  also  to  need 
of  a  change  in  the  system  of  mining.  "Wliereas  widely 
spaced  or  small  pillars  and  light  tindjering,  or  even 
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strip  mining,  may  be  adequate  for  mining  coal  near 
the  surface,  heavier  pillars  and  heavier  timbering  are 
needed  for  the  deeper  coal,  as  well  as  a  longer  haul, 
and  perhaps  more  pumping  of  water.  Greater  pres- 
sure also  adds  to  the  hazards  of  mining.  The  operator 
may  have  the  alternative  of  following  the  contour  of 
the  coal  bed  for  long  distances,  perhaps  several  miles, 
from  the  mine  mouth  or  of  sinking  shafts  to  the  deeper 
portions.  Either  way,  the  cost  of  mining  is  increased. 
Rather  than  incur  this  higher  cost,  some  operators 
abandon  the  deeper  coal.  There  is,  of  course,  an  eco- 
nomic limit  to  the  depth  of  mining.  Some  beds  down 
thousands  of  feet  may  never  be  mined  or  at  least  not 
until  the  more  accessible  ones  have  been  exhausted. 
The  reservation  of  entire  beds,  however,  does  not 
aggravate  the  probleins  of  future  recovery,  since 
patclies  of  coal  are  not  thereby  isolated  and  access  is 
not  rendered  more  difficult. 

Similarly  thin  or  dirty  portions  of  a  bed  may  go 
unmined.  For  a  time,  introduction  of  large,  cumber- 
some machines  threatened  to  increase  concentration  of 
mining  in  thick  and  relatively  clean  beds.  Fortu- 
nately, this  outlook  has  been  altered  in  the  past  several 
years  when  lower  and  more  flexible  machines  have  been 
perfected.  In  fact,  some  coal-mining-machinery  manu- 
facturers have  been  featuring  machines  adapted  for 
working  dirty  beds  or  that  can  be  used  in  narrow 
spaces  and  in  thin  coal.  The  universal  type  of  cut- 
ting machines,  and  more  recently,  the  low  mobile 
loaders  have  aided  mining  of  coal  that  formerly  was 
irrecoverable  by  machine.  This  trend  of  development 
is  most  promising  for  reduction  of  coal  losses  and 
should  be  strongly  encouraged  by  the  industry  as 
well  as  by  government.  Even  subsidization  might  be 
justified. 

In  some  quarters  a  fear  is  expressed  of  the  effects  of 
mechanization  of  mines.  Unemployment  of  miners  is 
pointed  out  as  one  of  the  serious  results,  and  the  ability 
of  hand  miners  to  take  coal  under  variable  conditions 
and  leave  the  refuse  in  the  mine  is  considered  an  ad- 
vantage over  machine  methods.  This  argument,  al- 
though applying  to  some  extent  at  the  present  time, 
carries  less  force  than  it  did  a  decade  or  two  ago. 
Today  the  bulk  of  the  coal  is  being  undercut  by  ma- 
chines (preparatory  to  breaking  it  loose  fi'om  the 
bed),  and  loading  machines,  although  not  yet  used 
in  most  mines,  are  increasing  rapidly  in  number. 
Consequently,  as  coal  mining  is  pursued  at  present, 
mechanization  is  in  the  nature  of  an  accomplished  fact; 
and  the  suggestion  made  for  encouraging  the  perfec- 
tion and  use  of  machines  for  obtaining  a  higher  recov- 
ery of  coal  is  one  for  turning  the  tide  of  technological 
change  to  better  account. 

It  is  conceivable  that  machine  mining  may  extend 
tlie  horizon  of  profitable  mining  into  beds  that  for- 


merly could  be  worked  only  at  heavy  loss.  Few  thin 
beds  are  being  mined  under  current  conditions,  and  a 
decrease  in  thickness  of  coal  being  worked  is  often  a 
signal  to  cease  activity.  Low  machines  may  be  able  to 
continue  work  where  hands-and-knees  mining  would  be 
unprofitable.  Although  only  a  small  tonnage  is  mined 
in  the  major  producing  fields,  either  by  hand  or  by 
machine  in  beds  as  thin  as  3  feet,  several  types  of  cut- 
ting and  of  loading  machines  are  now  made  for  use  in 
beds  only  30  inches  thick. '^^  There  is  little  question 
that  machines  for  thin  beds  will  be  entirely  successful 
in  the  near  future.  Since  hand  mining  in  cramped  po- 
sitions is  physically  tiinng  and  yields  low  output,  ap- 
plication of  mechanical  power  for  mining  thin  beds 
will  be  especially  advantageous  if  technical  features  of 
the  machines  are  satisfactory.  It  is  undoubtedly  more 
difficult  to  construct  a  complicated  machine,  such  as  a 
mobile  loader,  for  use  in  thin  beds  than  the  simpler 
auxiliary  machines;  scrapers  and  face  conveyors,  both 
rather  simple  mechanisms,  permit  mining  of  thin  beds 
that  are  otherwise  economically  unworkable. '^'^ 

Despite  certain  advantages  of  machine  mining  in 
aiding  recovery  of  coal,  the  net  effect  has  not  always 
been  favorable  to  conservation.  Cutting  machines  have 
been  used  extensively  for  many  years.  They  were  the 
chief  means  for  undercutting  the  beds  (to  allow  for 
expansion  when  the  coal  is  broken  down)  at  the  time 
of  the  Coal  Commission  study  in  1923;  this  asjject  of 
mining  remains  substantially  the  same  as  it  was  then. 
These  machines  have  probably  never  had  much  effect 
on  recovery.*^^  The  fine  cuttings  of  coal  ("bug  dust") 
produced  by  cutting  machines  have  a  counterpart  in 
tlie  considerable  amount  of  fine  coal  yielded  by  pick 
mining.  When  the  coal  industry  was  young,  nearly  all 
the  fine  coal  was  left  in  the  mine  or  thrown  on  the 
refuse  pile  outside  as  an  unmarketable  product.'^  This 
lf)ss,  however,  was  a  large  factor,  mainly  before  the  late 
1880's  when  cutting  machines  began  to  be  used. 

Rapid  adoption  of  loading  machines  in  the  period 
since  1923  has  introduced  a  new  phase  of  mechaniza- 
tion. The  effect  of  these  machines  with  regard  to  thick- 
ness of  beds  has  already  been  considered,  and  it  was 
seen  that  the  recent  tendency  has  been  favorable  to  the 
mining  of  thin  beds.  Another  desirable  aspect  is  that 
the  loaders  are  most  efficient  in  connection  with  concen- 
trated production  where  operations  are  better  planned, 
thus  reducing  losses  of  coal  from  squeezes  of  overlying 
strata.^*  On  the  other  hand,  mechanical  loading  is  less 
adaptable  than  hand  loading.     Hand  shovelers  may 
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cast  aside  slate  and  clay,  thereby  keeping  the  coal  rela- 
tively clean.  But  unless  special  precautions  are  taken 
to  exclude  debris,  or  unless  the  bed  is  unusually  pure, 
the  machines  load  the  impurities  as  well  as  the  coal. 
Consequently,  more  cleaning  of  the  coal  at  the  sur- 
face is  recjuired,  and  losses  may  occur  there.  A  sti'ong 
temptation  exists  also  to  concentrate  on  keeping  the 
machines  employed  at  the  work  they  are  best  suited 
to  handle  and  in  this  elfort  to  neglect  other  portions 
of  the  coal.  Top  coal  and  special  pillars  are  often  left 
specifically  to  protect  the  machines  from  roof  falls.''^ 
The  incentive  to  safeguard  the  machines  and  to  keep 
them  employed  at  volume  production  becomes  stronger 
than  that  of  high  recovery.  Mechanization  may  work 
either  in  the  direction  of  conservation  or  in  that  of 
larger  loss;  therefore,  a  blanket  decision  for  or  against 
use  of  machines  in  mines  is  inadequate.  It  is  entirely 
logical  from  the  stamlpoint  of  conservation  to  encour- 
age the  development  and  use  of  certain  forms  of  mech- 
anization and  to  discourage  other  forms.  Further  in- 
vestigation is  needed  to  gauge  accurately  the  effects  on 
conservation  of  specific  types  of  mechanization. 

In  general,  machine  mining  is  best  adapted  to  level 
or  nearly  level  beds,  where  concentrated  mining  may  be 
undertaken.  Coal  in  steeply  j^itching  beds,  such  as 
those  encountered  in  the  Pennsylvania  anthracite  re- 
gion, is  mined  with  a  large  proportion  of  hand  labor. 
It  has  been  observed  that  the  Coal  Conunission  engi- 
neers in  1923  calculated  the  unavoidable  losses  in  the 
anthracite  region  at  30  percent,  a  proportion  almost 
twice  as  high  as  that  foi-  l)itumin<ms  coal.  Actual  losses 
for  anthracite  were,  in  terms  of  the  percentage  of  the 
content  of  the  bed  being  worked,  only  about  nine  points 
higher  than  estimated  unavoidable  losses.  Undoubt- 
edly, this  small  diiference  was  calculated  on  the  as- 
sumption that  existing  techniques  of  mining  would  be 
substantially  undisturbed.  Perhaps  much  would  be 
gained  by  application  of  new  systems  of  mining,  for 
example,  the  systems  used  in  metal  mines.  D.  C.  Ash- 
mead,  who  was  in  charge  of  the  Coal  Commission's 
study  of  anthracite  losses,  suggests  the  adaptation  of 
the  top-slice  method  for  metal  mining  to  anthracite 
mining.  In  a  special  statement  prepared  for  the  cur- 
rent study,  he  described  the  method  as  follows : 

Systems  of  mining  used  in  the  Anthracite  Region  have  in 
general  been  similar  to  or  identical  with  those  used  in  the 
bituminous  coal  fields,  although  conditions  in  the  two  fields  are 
entirely  different.  While  mechanization  has  taken  place  and 
machinery  is  now  doing  much  of  the  work  that  was  formerly 
done  by  hand,  the  basic  methods  of  mining  anthracite  are  still 
the  same  as  they  were  some  50  to  75  years  ago. 

In  the  Anthracite  Region  steep-pitching  measures  exist  simi- 
lar to  those  found  in  the  metal  fields.  It  seems  reasonable  to 
assume,  therefore,  that  methods  used  in  metal  mining  might  be 


99 


of  considerable  value  in  anthracite  mining,  but  to  date  none  has 
ever  been  tried. 

Considerable  improvement  could  be  made  in  anthracite  min- 
ing, and  it  is  suggested  that  at  least  one  metal-mining  system, 
known  as  the  top-slice  method,  should  be  tried.  This  system 
has  many  variations  owing  to  the  different  conditions  oncoun- 
tered  and  no  description  will  be  attempted,  other  than  to  call 
attention  to  what  might  be  expected  as  a  result  of  its  intro- 
duction. It  can  be  used  on  steeply  pitching  beds,  where  the 
pitch  exceeds  45  degrees.  The  thickness  of  the  bed  should 
be  more  than  eight  to  ten  feet,  although  thinner  beds  might 
be  worked.  It  is  a  retreating  system  of  mining:  starling  from 
the  top,  mining  is  conducted  downward,  each  individual  slice 
being  removed  by  horizontal  mining.  Tliere  is  no  underhand 
or  overhand  stoping.  All  of  the  coal  is  removed  with  each 
slice,  so  the  recovery  would  be  100  percent,  as  against  a 
present  recovery  of  65.4  percent  for  the  whole  anthracite  region 
and  only  58.9  percent  for  the  western  middle  and  southern 
fields,  which  contain  the  thickest  and  steepest  pitching  beds. 
The  actual  cost  of  production,  after  the  system  has  once  been 
established,  would  probably  be  as  low  or  lower  than  by  present 
methods.  Work  could  be  concentrated,  and  haulage  costs  thus 
reduced  to  a  minimum.  The  percentage  of  large  sizes  recov- 
ered would  tend  to  be  greater  than  in  any  of  the  present  steep- 
pitch  systems  of  mining.  Fewer  explosives  would  be  re- 
quired, and  it  would  do  away  with  running  coal.  No  rock 
from  roof  or  bottom  could  get  into  the  coal,  and  the  only  rock 
that  would  be  sent  to  the  surface  would  be  bed  rock.  Haulage 
and  preparation  costs  would  thereby  be  lessened.  Against  this, 
however,  more  timber  would  be  required,  particularly  at  the 
start,  and  more  preliminary  narrow  work  necessary  in  driv- 
ing raises  through  the  measures.  It  might  even  be  possible 
advantageously  to  return  the  waste  rock  to  the  mine. 

One  of  the  underlying  reasons  for  waste  in  coal 
mining^ — both  bituminous  and  anthracite — has  been, 
since  1922,  the  chaotic  condition  of  the  industry.  Little 
improvement  in  reduction  of  losses  under  private  oper- 
ation can  be  expected  until  the  industry  is  placed  on  a 
stable  basis,  as  indeed  the  National  Bituminous  Coal 
Commission  is  now  attempting  to  do  in  the  bituminous 
coal  industry.  No  similar  effort  is  under  way  for  the 
anthracite  industry.  Coal  mining  has  been  character- 
ized by  a  downward  trend  of  production,  at  least  back 
as  far  as  1923.  The  mortality  rate  of  operators  has 
been  high,  and  survivors  have  had  to  fight  too  stren- 
uously for  continued  existence  to  devote  much  atten- 
tion to  experimentation  and  conservation  of  reserves. 
Instability  appears  in  several  forms  in  addition  to  that 
represented  in  high  turnover  among  operators.  Nu- 
merous mines  have  not  been  operated  at  a  sufficiently 
high  percentage  of  capacity  to  maintain  them  in  good 
condition.'*"  Seasonal  swings  of  output  and  their  ad- 
verse effects  on  operators  scarcely  able,  or  actually  un- 
able, to  bridge  the  gap  of  the  slack  season  have  been  a 
further  factor.  The  industry  also  has  suffered  in  com- 
mon with  other  industries  from  cyclical  ups  and  downs 
of  business  activity.     Finally,  the  intensified  struggle 
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for  existence  of  operators  and  miners  has  resulted 
in  strife,  with  loss  of  income  and  depreciation  or  dam- 
age of  reserves  and  equipment.  A  virtually  insolvent 
industry  cannot  apply  methods  of  mining  with  a  view 
to  keeping  waste  at  a  minimum,  even  though  it  desires 
to  do  so,  nor  shoulder  costs  involved  even  though  they 
be  modest.  Stabilization  of  the  industry  Avould  un- 
doubtedly have  some  direct  bearing  on  the  reduction  of 
loss. 

Tlie,  question  of  solvency  leads  to  a  consideration  of 
the  costs  of  conservation.  One  proposal  for  regulation 
is  based  on  a  trade  of  favors.  The  central  idea  is  that 
the  industry  be  given  a  price  per  ton  high  enough  to 
cover  costs  of  mining  the  less  accessible  portions  of  the 
bed  in  return  for  mandatory  recovery  of  such  coal. 
This  method  would  be  aimed  to  protect  operators 
against  loss  on  high-cost  production  and  would  have 
the  effect  of  increasing  profits  on  low-cost  production. 
Actually  it  confuses  the  motivation  of  unregulated  in- 
dustry with  the  social  aim  of  regulation.  The  limit  of 
conservation  as  practiced  by  coal  operators  tends  to  be 
set  by  the  marginal  cost  of  mining  increasingly  diffi- 
cult portions  of  the  bed,  whereas  to  economic  groups 
in  general  the  critical  factor  is  the  effect  of  conserva- 
tion measures  on  the  average  cost  of  energy.  This  dif- 
ference may  be  illustrated  simply  by  a  hypothetical 
example  in  which  the  costs  of  mining  are  considered  to 
be  at  only  two  levels.  Assume  that  70  percent  of  the 
coal  is  mined  at  a  cost  of  one  dollar  per  ton,  and  the 
remaining  30  percent  at  a  cost  of  two  dollars  per  ton. 
Thus  the  price  needed  to  induce  recovery  of  the  high- 
cost  coal  without  any  coercive  action  is,  under  the  given 
assumptions,  two  dollars  per  ton.  On  the  other  hand, 
sharing  of  the  cost  of  conservation  by  the  consiuners 
requires  a  price  of  $1.30  per  ton,  or  only  30  cents  above 
the  minimum  price.  This  contrast  exemplifies  one  of 
the  major  differences  in  concept  between  regulated  and 
unregulated  industry.  It  seems  probable  that,  under  a 
voluntary  system,  inducements  needed  to  effect  thor- 
oughgoing conservation  would  have  to  be  excessively 
remunerative  to  coal  producers  and  therefore  over- 
burdensome  to  coal  consumers;  whereas  equitable 
sharing  of  costs  of  conservation  may  result  in  smaller 
average  increases  than  is  often  supposed. 

Coal  mining  in  an  enterprise  system  lacks  the  basic 
character  necessary  for  the  degree  of  conservation  best 
suited  to  the  public  interest.  Losses  from  waste  are 
certain  to  react  unfavorably  on  the  national  economy, 
whereas  private  operators  may  profit  most  by  applying 
socially  wasteful  methods.  This  is  true,  not  because  of 
a  malicious  intention  on  the  part  of  operators,  but 
because  their  chief  interest  necessarily  lies  in  maxuni- 
zation  of  gains,  an  interest  not  wholly  compatible  with 
the  social  objective  of  conservation.     But  fortunately 


some  compatibility  does  exist.  Wastage  resulting  from 
mismanagement  is  a  source  of  loss  both  to  the  individ- 
ual operator  and  to  the  public.^'  The  depressed  condi- 
tion of  the  coal  industry  during  the  past  one  and  one- 
half  decades  has  not  been  conducive  to  good  manage- 
ment. In  fact,  under  the  stringent  circumstances  of 
the  moment,  operators  have  been  compelled  to  resort  to 
wasteful  practices  that  they  would  be  first  to  criticize 
from  a  long-run  point  of  view.  By  mining  only  the 
most  readily  available  portion  of  the  reserve,  they  have 
been  able  to  minimize  current  outlays,  although  the 
ultimate  result  is  either  higher  costs  of  mining  or  a 
compulsory  shift  of  operations  to  a  new  location.** 
Stability  of  enterprise  is  therefore  essential  for  max- 
imum conservation  under  private  auspices.  Operators, 
of  course,  camiot  be  expected  to  reduce  waste  beyond 
the  point  that  will  best  serve  their  long-run  profit  in- 
terests. Even  if  many  be  guided  by  altruistic  motives, 
there  are  close  limits  to  what  they  may  do  individually. 
A  burden  of  only  a  few  cents  a  ton,  if  not  shared  by 
competitors,  may  be  sufficient  to  drive  them  out  of  busi- 
ness. Accordingly,  the  most  effective  means  for  attain- 
ing a  considerably  higher  measure  of  conservation  is 
through  governmental  action.  Since  production  of  coal 
is  scattered  among  31  States,  action  by  a  single  State 
without  similar  action  generally  in  the  industry  will 
weaken  tlie  competitive  position  of  that  State.  For  this 
reason,  a  State  cannot  well  afford  to  take  the  initiative 
to  promote  conservation.  Primary  responsibility  can 
best  be  taken  by  the  Federal  Government  for  that  part 
of  the  conservation  burden  required  to  be  borne 
publicly. 

An  accounting  of  gains  and  losses  from  higher  re- 
covery shows  items  on  both  sides  of  the  ledger  not  only 
for  coal  consumers  but  also  for  coal  producei-s.  In 
some  respects  liiglier  recovery  reduces  costs  of  produc- 
tion in  the  long  run.  This  is  true  of  costs  that  vary 
with  the  area  of  the  coal  land.  If  recovery  is  high,  a 
smaller  area  is  needed  for  a  given  tonnage  production. 
Hence  larger  recovery  reduces  the  charge  per  ton  for 
amortization  of  a  lump-sum  payment  per  acre  for  pur- 
chase of  coal  lands  or  of  mining  rights.  Likewise,  the 
smaller  the  area  of  mining,  the  lower  the  outlays  for 
such  items  as  haulage,  ventilation,  pumping,  tipples, 
hoisting  equipment,  and  property  taxes.  An  increase 
in  recovery  from  60  to  90  percent  would  reduce 
these  items  one-third  for  each  ton,  assuming  an  exact 
correlation  of  costs  with  area.  The  incentive  is  great- 
est, of  coui-se,  where  these  area  costs  are  highest.  In 
fact,  it  varies  in  direct  proportion  to  the  level  of  the 
costs.     On  the  basis  of  Campbell's  calculation  of  1,770 


"Cf.  Report  of  the  V.  S.   Coal  Commission,  1S25,  pp.   1931-1932  and 
1935. 

'^  Rice,  Fieldner  and  Tryon,  op.  cit.,  p.  31. 
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net  tons  of  coal  in  an  acre  of  coal  one  foot  thick,'"  a 
total  allocated  cost  of  $"2,000  per  acre  would  amount  to 
about  28  cents  per  ton  for  a  bed  four  feet  tluck,  as- 
suming full  recovery  of  the  coal.  An  increase  in  re- 
covery from  60  to  90  percent  would  result  in  a  cost 
reduc-tion  of  16  cents  per  ton. 

Low  recovery,  with  consequent  spreading  of  opera- 
tions, results  in  a  cunudative  increase  in  some  cost 
items.  At  first  little  or  no  additional  cost  is  incurred, 
but  as  the  workings  penetrate  farther  from  the  mine 
mouth,  a  larger  network  of  tracks  must  be  built  and 
more  time,  transportation  equipment,  and  ])ower  are 
consumed  in  haulage.  Eventually  costs  may  reach  a 
point  at  which  mining  is  no  longer  profitable,  or  the 
entrance  to  the  mine  has  to  be  moved,  probably  away 
from  an  established  mining  town  and  developed  sur- 
face facilities. 

Against  these  savings  are  items  of  cost  that  increase 
when  more  of  the  coal  is  mined.  Cost  of  timbering  to 
support  the  roof,  probably  labor  costs,  and  damage 
from  subsidence  will  increase.  These  factors  are  so 
highly  variable  that  general  estimates  of  their  magni- 
tude are  not  available.  AVhere  the  mine  roof  is  .strong 
and  little  damage  from  cave-ins  occurs,  the  cost  may 
be  exceedingly  small ;  but  where  the  roof  is  weak  or  the 
surface  land  is  valuable,  as  in  most  of  the  coal  fields 
of  Illinois,  Iowa,  Missouri,  and  Kansas,  the  cost  may 
mount  at  times  to  prohibitive  heights.  The  cost  of 
supporting  surface  structures  is  usually  large,  but.  as 
has  been  seen  previously,  losses  of  coal  in  pillars  left 
to  support  such  structures  are,  in  general,  small.  Coal 
and  lignite  dejKisits  underlie  458,000  S([uare  miles  of 
continental  United  States,*'"  or  more  than  one-seventh 
of  the  total  area  of  the  country.  Vast  areas  have  not 
merely  one  bed  but  two  or  more.  Sometimes  seven  or 
eight  minable  beds  are  found,  as  in  Butler,  Clarion, 
Fayette,  and  Somerset  counties  in  Pennsylvania."'  In 
the  main,  the  top  beds  are  mined  first,  often  near  the 
surface  where  there  is  the  greatest  problem  of  subsi- 
dence damage. 

Restoration  of  farm  lands  damaged  by  undermining, 
however,  is  conunonly  an  easy  task,  particularly  where 
the  land  has  sufficient  slopet  for  drainage  bvit  not  enough 
slope  to  cause  erosion  after  subsidence  has  occurred. 
Complete  mining  of  coal  coupled  with  systematic 
restoration  of  the  land  miglit  simplify  the  problem  of 
damage.  A  comparatively  uniform  subsidence  de- 
creases the  amount  of  leveling  required.  Thus,  in  many 
instances,  full  recovery  might    cause  less  injury  than 


the  current  practice  under  which  sags,  pit-holes,  and 
cracks  are  common  despite  the  leaving  of  pillars."- 

The  cost  of  damages,  even  where  the  land  is  rich  and 
very  flat,  is  seldom  more  than  a  few  cents  a  ton."'  An 
out-of-pocket  outlay  of  $150  per  acre  for  damages  often 
seems  like  a  heavy  penalty,  but  it  is  generally  a  minor 
item  of  cost.  A  bed  of  coal  four  feet  thick  contains 
about  7,080  net  tons  of  coal  per  acre."*  If  the  entire 
cost  of  $150  per  acre  for  surface  damage  be  allocated  on 
a  tonnage  basis  for  a  4-foot  bed,  the  cost  is  only  2.1 
cents  per  ton,  a  modest  price  to  pay  for  conservation. 
Studies  of  actual  damages  in  coal  fields,  particularly 
in  Illinois,  show  a  similar  low  cost  per  ton."' 

But  operators  are  confronted  in  many  instances  not 
so  much  with  the  actual  cost  of  the  damages  as  with 
the  sum  involved  in  extravagant  awards  in  damage 
suits.""  Unless  the  coal  producer  owns  the  surface  land 
as  well  as  the  coal  rights,  or  unless  the  land  owner 
waives  rights  to  claims  for  damages,  the  operator  may 
liave  to  meet  the  costs  of  litigation  and  in  addition  pay 
heavily  for  any  destruction.  Rather  than  become  in- 
volved in  this  extra  cost,  companies  often  choose  to 
leave  pillars  of  coal  in  the  ground  to  support  the  sur- 
face. Usually  the  damage  to  farm  land  is  temporary 
and  can  be  restored  effectively.  This  needless  loss  of 
coal  should  be  reduced  by  limiting  the  obligation  of 
the  operators  to  restoration  of  the  property  oi-  to  an 
equivalent  cost. 

Thorough  mining  of  coal^ — all  items  of  loss  or  gain 
considered — usually  does  not  increase  the  average  cost 
of  mining  to  a  marked  extent.  Although  cost  data 
are  meager,  it  is  the  judgment  of  leading  authorities 
tliat  at  most  mines  the  increased  cost  involved  in  ])illar 
loeovery — the  principal  factor- — should  be  nuich  less 
tlian  10  percent."'  The  general  question  is  suunnarized 
as  follows:  "It  is  believed  that  the  addition  to  average 
cost  through  complete  recoveiy  of  pillars  would  rarely, 
if  ever,  exceed  25  cents  a  ton  at  present  wage  scales, 
that  at  the  great  majority  of  mines  it  would  be  less 
than  10  oi-  15  cents  a  ton.  and  that  at  many  other  mines 
there  would  be  no  significant  increase  in  cost.  At  still 
others,  pillar  extraction  remains  the  most  ])rofitabl6 
j)ractice.  If  the  existence  of  local  exceptions  is  recog- 
nized, it  seems  clear  that  most  of  the  present  enormous 
loss  of  bituminous  coal  in  pillars  could  be  avoided  at 
a  very  modest  advance  in  o])erating  cost.""' 

The  more  progressive  companies  in  the  Appalachian 
and  Rocky  Mountain  areas  usually  recover  coal  pil- 


"■M.  R.  CampbeU,  Coal  Katources  of  the  United  Slates,  United 
States  Gcologicil  Survey    (muUigraphed  report). 

"  Rice,  FieldDer,  and  Tryon,  op.  cit.,  p.  25. 

°'  Gi'orgo  H.  Asliley,  Biluiiihwus  Coal  Fields  of  Pennsylvania,  Penn- 
sylvania Geological  Survey.  Bull.  M-fi,  pt.  1,  192S,  pp.  158-159. 


"  Rice,  Fieldner,  and  Tryon.  op.  eit.,  pp.  28-29, 

"  Ibid.,  p.  29. 

«*  Camplif'll,  op.  cit.,  estimates  1,770  net  tons  per  foot-acre.  Some 
difTercnces  ctist,  of  course,  owing  to  variations  in  density  of  the  Coal 
nnl  in  amount  of  moisture  and  impurities  in  the  bed. 

"  Rice,  Fieldner,  and  Tryon,  op.  cit.,  p.  29. 

« Ibid.,  p.  30. 

'"Ibid.,  p.  27. 

>«  Ibid.,  p.  28. 
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lars."^  But  with  losses  of  about  35  pei-cent  in  bitimii- 
nous  coal  mines  and  even  larger  losses  in  anthracite 
mines,  some  positive  action  toward  conservation  seems 
advisable. 

It  should  be  remembered  that  these  estimated  costs 
of  fuller  recovery  are  expressed  as  a  percentage  of  the 
average.  Hence  they  indicate  the  magnitude  of  the 
added  cost  per  ton  in  the  nation's  fuel  bill,  but  they 
do  not  indicate  how  much  incentive  must  be  held  out 
to  induce  operators  voluntarily  to  increase  the  percent- 
age of  recovery.  Obviously  a  10  percent  increase  in 
the  price  of  coal  would  not  be  applied  by  operators  en- 
tirely toward  conservation,  even  though  a  10  percent 
rise  would  be  adequate  on  the  average  to  cover  the 
added  cost  of  substantially  full  recovery.  Accordingly, 
methods  of  distributing  the  cost  of  conservation  must 
he  devised  to  attain  the  intended  objective.  These  meth- 
ods are  discussed  in  the  succeeding  chapter. 

Conservation  in  Use 

Unlike  wastes  in  mining,  which  probablj'  have  not 
decreased  since  the  World  War  and  which  may  have 
increased,  the  progress  of  fuel  efficiency  has  continued 
unabated.  The  principal  consumers  of  coal,  such  as 
steam  railroads,  electric  power  plants,  and  the  iron  and 
steel  industry,  have  made  substantial  reductions  in 
consumption  of  coal  per  unit  of  work  performed. 
This  form  of  conservation  increases  the  potential  use- 
fulness of  coal  resources  quite  as  much  as  elimination 
of  wastes  in  mining.  The  work  obtainable  from  the 
resources  by  present-day  methods  is  far  greater  than 
it  was  in  an  earlier  period,  and  no  doubt  the  useful- 
ness of  these  resources  will  be  further  enhanced  by  im- 
provements in  the  future.  As  a  consequence,  every  ton 
of  coal  conserved  will  grow  in  usefulness,  so  that  its 
full  significance  will  not  be  adequately  indicated  by 
current  standards  of  consumption  but  by  higher 
standard  yet  to  come. 

Improvements  in  the  efficiency  of  coal  use  have  oc- 
curred for  a  variety  of  reasons,  which,  for  the  pur- 
pose of  this  discussion,  may  be  considered  under  the 
headings:  (1)  growth  of  knowledge  of  the  composition 
and  properties  of  coal,  (2)  improvements  in  the  phys- 
ical adaptation  of  coal  to  specific  uses,  (3)  inti-oduc- 
tion  of  economies  in  conversion  of  coal  to  heat  energy, 
(4)  introduction  of  economies  in  conversion  of  coal 
to  mechanical  energy,  and  (5)  reduction  of  energy 
required  for  a  given  purpose. 

Improved  Knowledge  of  the  Nature  of  Coal 

The  old  idea  that  coal  is  merely  something  to  burn 
has  long  been  supplanted.    The  composition  of  coal  is 


so  highly  complex  that  no  two  pieces  are  exactly  the 
same  in  composition.  Coal  is  the  source,  in  part,  of 
thousands  of  products  ranging  from  flavoring  extracts 
to  explosives.  A  vast  amount  of  chemical  and  engi- 
neering research  lies  behind  the  present  use  of  coal. 
Chemical  research  is  concerned  largely  with  (1)  reac- 
tions involved  in  the  utilization  of  coal  in  conversion 
processes,  such  as  carbonization,  hydrogenation,  gasi- 
fication, and  combustion,  in  which  the  end  is  energy 
production,  and  (2)  utilization  of  coal  as  a  raw  mate- 
rial for  the  chemical  industry.  The  nonfuel  side  of 
coal  utilization  is  one  that  should  not  be  overlooked. 
Conservation  of  coal  means  conservation  not  only  of 
the  energy  supply  but  also  of  an  inestimable  quantity 
and  variety  of  synthetic  products.  It  is  possible  that 
in  the  distant  future  coal  energy  may  be  a  byproduct 
of  a  vast  chemical  industry  producing  organic  non- 
fuel  compounds.  Engineering  research,  on  the  con- 
trary, is  concerned  with  developing  techniques  for  the 
physical  handling  of  coal  or  its  derivatives.  In  gen- 
eral, it  presupposes  a  solution,  on  a  laboratory  basis  at 
least,  of  the  chemical  problems  involved. 

The  long-run  importance  of  basic  research  on  the 
composition  and  properties  of  coal  can  hardly  be  over- 
emphasized. Techniques  of  use  may  change  rapidly, 
but  all  of  them  have  to  contend  with  the  composition 
and  properties  of  the  coal  resources.  The  existence  of 
relatively  abundant  coal  reserves  in  the  United  States 
has  discouraged  basic  coal  research.  Investigations 
leading  to  the  development  of  the  byproduct  coke  in 
dustry  were  far  along  in  Gennany  and  England  before 
the  industry  was  established  in  the  United  States  in 
1893.  It  was  not  until  1904  that  the  first  Nation-wide 
survey  of  the  composition  and  properties  of  coals  af- 
fecting their  utilization  was  made  in  the  United 
States.""  After  this  initial  effort,  the  work  was  con- 
tinued by  the  Technologic  Branch  of  the  United  States 
Geological  Survey  and  by  the  Bureau  of  Mines,  be- 
ginning with  its  establishment  in  1910."^  Investiga- 
tions have  since  been  conducted  continuously  by  the 
Bureau  of  Mines;  and  the  results  published  in  numer- 
ous technical  papers  provide  a  vast  fund  of  funda- 
mental information  for  improvements  in  coal  utiliza- 
tion. In  addition,  State  departments  of  mines  and 
research  laboratories  maintained  by  universities  and 
private  concerns  have  contributed  to  knowledge  needed 
for  better  use  of  coal.  The  Coal  Research  Laboratory 
of  Carnegie  Institute  of  Technology  has  made  de- 
tailed studies  of  the  constitution  of  coal,  and  the  In- 
stitute also  has  spoiLsored  international  conferences  at 
which  much  of  the  outstanding  research  on  bituminous 


^  T.  G.  Fear  and  H.  N.  Eavenson.  discussion  in  Transactions,  A?neri- 
can  Institute  of  Mining  and  Metallurgical  Engineers,  1931,  p.  202. 


™  Survey  by  the  fuel-testing  plant  estabUshed  by  the  U.  S.  Geological 
Survey  at  the  Louisiana  Purchase  Exposition  in  St.  Louis  ;  Rice,  Field- 
ner.  Tryon,  op.  cit.,  pp.  36—37. 

"  Ihid.,  p.  37. 
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coal  in  tlie  United  States  ami  in  foreij^n  countries  has 
been  discussed.  Probably  more  than  40  laboratories 
in  the  United  States  are  engaged  to  some  extent  in 
researcli  on  coal  and  coal  utilization,  and  at  least  10 
of  them  are  major  contributors  to  information  on  coal 
and  to  advances  in  coal  technolog)'."  Despite  this 
extensive  work,  much  remains  to  be  done."^  I^eginning 
in  1932  and  continuing  until  1937,  A.  C.  Fieldner,  of 
the  United  States  Bureau  of  Mines,  gave,  in  Minerals 
Yearbook,  reviews  of  the  progress  of  fundamental  and 
applied  research  in  coal. 

One  of  the  most  absorbing  aspects  of  this  research 
has  been  the  elfort  to  develop  classifications  and  stand- 
ard grades  and  specifications.  Ellicient  utilization  of 
coal  requires  proper  selection  and  preparation.  De- 
tailed research  on  the  constitution  of  coal,  although  it 
lays  the  groundwork  for  improved  technology,  usually 
has  made  available  a  mass  of  detail  not  suitable  as  a 
common  language  among  producers,  distributors,  and 
consumers  of  coal.  There  is  accordingly  a  need  for  an 
accurate  but  reasonably  simple  c.  ;scription  of  the  prop- 
erties of  coal  most  significant  t  the  coal  trade.  What 
is  the  heat  value,  ash  content  size,  and  friability  of 
the  coal?  Even  though  coal  resources  have  variable 
characteristics,  some  degree  of  specification  is  requisite 
for  eflicient  utilization.  From  the  standpoint  of  utili- 
zation, the  chief  factor  is  not  a  certain  tonnage  of  coal 
but  rather  how  effective  the  coal  may  be  per  unit  of  cost 
in  accomplishing  the  purpose.  One  ton  of  coal  with 
a  heat  value  of  14,000  B.  t.  u.  per  pound  may  be  more 
effective  for  steam-raising  purposes  than  two  tons  of 
7,000  B.  t.  u.  When  coal-consuming  equipment  has 
been  adjusted  to  a  certain  grade  of  coal,  uniformity 
and  proper  selection  of  coal  may  be  needed  for  max- 
imum efficiency.  It  is  seen,  therefore,  that  classifica- 
tion may  result  in  higher  efficiencies.  It  may  also 
eliminate  double  testing. 

Although  coal  lias  been  bought  and  sold  for  many 
years  on  a  specification  basis  by  establishments  with 
facilities  for  testing  the  shipments,  and  although  sche- 
matic classifications  liave  been  available  also  for  some 
time,"*  it  is  only  within  the  past  few  years  that  the 
American  Society  for  Testing  Materials  has  issued 
standardized  ratings.^^    More  recently,  the  Consumers' 


"  Arno  C.  Fieldner,  "Recent  Developments  in  Coal  Preparation  and 
Utilization,"  Minerals  Tearhook,  19,17,  pt.  Ill,  p.  935. 

•"  Ibid. 

"  See,  for  example,  George  11.  .\shlcy,  "A  New  Classification  of 
Coal,"  Transactions,  American  Institute  of  ilininff  and  Metallurgical 
Engineers,  1919,  pp.  1125-41. 

"  American  Society  for  Testing  Materials,  "Tentative  Specifications 
for  Classification  of  Coals  by  Rank  and  Grade,"  Proceedings,  vol.  .14. 
pt.  I,  1934,  pp.  834-842.  H.  J.  Rose,  "Coal  Classification."  Industrial 
and  Engineering  Cliemisiry,  vol.  26,  1934,  pp.  140-143.  A.  S.  T.  M., 
Proceedings,  vol.  35,  1935.  pp.  847-S53,  and  vol.  3G.  193G,  pp.  812- 
818.  A.  C.  Fieldner,  "American  Standard  Sets  Up  Common  Language 
for  Coal,"  Industrial  Standardization  and  Commercial  Standards 
Monthhj,   vol.    7,    1936.   pp.    273-278.     A.   8.   T.   M.   Standards   on   Coal 


Counsel  of  the  National  Bituminous  Coal  Commission 
has  advocated  strongly  the  adoption  of  standards  in 
the  coal  trade."" 

In  general,  coal  classifications  deal  with  two  prob- 
lems: (1)  classification  of  coals  as  they  occur  in  the 
ground,  that  is,  classification  by  rank,  and  (2)  classifi- 
cation of  coals  after  they  have  been  mined  and  pre- 
pared for  the  market,  that  is  classification  by  grade. 
The  American  Society  for  Testing  Materials  has  estab- 
lished generally  acceptable  boundary  lines  for  the 
classes." 

Improved  .\daptation  of  Coal  to  Uses 

AVlien  coal  is  mined  and  prepared  for  the  market 
its  condition  is  altered  considerably  even  if  it  is  not 
converted  to  another  form  such  as  semicoke  or  coke. 
At  the  mine  face,  the;  solid  coal  is  broken  down  into 
all  ranges  of  size  from  slack  to  large  lump,  and,  there 
also,  much  of  the  rock  and  clay  is  discarded  onto  the 
refuse  pile,  or  gob,  in  the  mine.  Further  i)reparation 
usually  takes  place  at  the  surface.  Although  some  coal 
is  sold  as  run-of-mine,  or  with  only  a  small  amount  of 
screening,  the  proportion  disj)osed  of  in  this  form  un- 
doubtedly is  decreasing.  Nearly  all  the  anthracite  and 
a  large  proportion  of  the  bituminous  coal  is  sized  and 
cleaned  before  it  is  marketed.  Tins  work,  particularly 
sizing,  is  now  vei'y  largely  mechanized.  When  the 
lumps  of  coal  are  large  and  slate  adheres  to  them,  hand 
l)icking  has  advantages  over  other  methods,  but,  other- 
wise, ingenious  mechanical  methods  are  widely  used. 
The  mechanical  metliods  effect  a  separation  by  taking 
advantage  of  differences  in  specific  gravity,  aided 
sometimes  by  such  characteristics  as  differences  in 
shape  and  outward  physical  structure,  for  example, 
angularity  or  roughness.  The  tendency  of  lighter  par- 
ticles to  separate  from  heavier  particles  when  subjected 
to  a  current  of  air  or  water,  or  to  centrifugal  force  (as 
in  cream  separators),  and  when  floated  in  liquids  of 
proper  density  is  a  well-known  fact — one  applied  in 
mechanical  coal-cleaning  plants.  Methods  in  use  are 
classified  as  (1)  wet  and  (2)  pneumatic  methods.  Ex- 
perimental jigs  (using  a  wet  method)  were  installed  in 
the  Pennsylvania  anthracite  fields  about  the  time  of 
the  Civil  War,  and  some  10  years  later  more  extensive 
installations  were  made  in  the  anthracite  field,  in  the 
Pittsburgh  district,  and  in  southern  Illinois.'*    Pneu- 


and  Coke,  publislied  by  llie  American  Society  for  Testing  Materials, 
1938. 

"'Consumers'  Counsel,  National  Bituminous  Coal  Commission,  HoiO 
Much  Ilcat  in  Bituminous  Coat,  Consumer  Ideas  Number  One,  1937 ; 
also  its  CUissiflcation  Standards  ami  Their  Application,  April  8,  1938 
(mimeographed). 

"  Arno  C.  Fieldner,  op.  cit..  Minerals  Yearbook,  1937,  pt.  Ill,  pp. 
935-:iG. 

™  Ij.  N.  Plein.  Statistical  Analysis  of  the  Progress  in  Mechanical 
Cleaning  of  Bituminous  Coal  from  19^  to  193i,  Economic  Paper  18, 
U.  S.  Buresni  of  Mines,  p.  1. 
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matic  cleaning  began  in  1919.'^  In  1906  the  United 
States  Geological  Siu-vey  began  to  record  the  quantity 
of  coal  washed  at  bituminous  coal  mines  and  found 
the  amount  in  that  year  to  be  2.7  percent  of  national 
production.*"  The  proportion  of  bituminous  coal 
cleaned  by  both  -svet  and  pneumatic  methods  was  7  per- 
cent in  1929  and  about  15  percent  (estimated)  in  1937; 
but  1  percent  in  1929,  and  probably  a  larger  percentage 
in  1937  was  at  plants  operated  by  consumers,  not  at  the 
mine  (fig.  24).*^  In  1930  and  each  subsequent  year 
slightly  more  than  20  percent  of  the  mechanically 
cleaned  bituminous  coal  has  been  handled  by  pneumatic 
methods. 

Mechanical  cleaning  of  coal  was  given  a  new  impetus 
after  1923  by  the  rapid  growth  of  mechanical  loading. 
With  certain  types  of  loading  devices  there  is  little  or 
no  opportunity  to  clean  the  coal  at  the  mine  face,  and 
as  a  result  the  need  of  mechanical  cleaning  becomes 
more  urgent.*-  But  it  is  probably  true  that  cleaning 
has  developed  also  in  response  to  growing  demand  for 
a  purer  product. 

In  addition  to  this  cleaning,  coal  preparation  includes 
dehydrating,  drying,  special  dedusting  by  wet  or  pneu- 
matic methods,  dust-prevention  treatment  with  oil, 
calcium  chloride,  and  other  agents,  as  well  as  packaging 
and  briquetting.**^  Briquetting  with  combustible  ma- 
terial adds  slightly  to  the  fuel  value  of  the  coal,  so 
that  the  product  is  not  strictly  a  raw  coal  fuel. 


Figure  24. — Tonnage  of  Bituminous  Coal  Mechanically  Cleaned  in  the 
United  States,  1906-35.  (Reproduced  from  Minerals  Teariook,  1937, 
p.  837.) 


"  Itid.,  p.  3,  table  1,  footnote  3. 
"  Ibid.,  pp.  1  and  3. 

^  Based  on  data  from  Minerals  Teartool;,  19S5  (statistical  appendix), 
pp.  272-73,  and  19SS,  pp.  68.S-S9.     See  also  Plein,  op.  cit.,  p.  3. 
*=  Pleln,  op.  cit.,  p.  19. 
Tieldner,  op.  cit..  Minerals   Yearbook,  19S7,  pp.  941-42. 


A  step  further  advanced  than  the  development  of  a 
better  fuel  by  preparation  of  coal  is  improvement  by 
processing.  Viewed  solely  from  the  standpoint  of  effi- 
ciency in  use,  coal  converted  to  a  gaseous  form  gives  the 
best  results,  and  second  best  is  a  liquid  fuel  produced 
from  coal.  In  the  United  States,  and  other  countries 
as  well,  the  bulk  of  the  conversion  is  to  coke.  The  by- 
product coke  process  has  been  a  boon  to  conservation  by 
recovering  byproduct  gas,  oils,  and  nonfuel  products, 
all  wasted  in  beehive  ovens,  and  also  by  yielding  a 
higher  percentage  of  coke.  A  ton  of  coal  used  in  by- 
product ovens  yields  9  gallons  of  tar,  22  pounds  of 
ammonium  sulphate,  3  gallons  of  light  oil,  and  11,000 
cubic  feet  of  gas  in  addition  to  about  three-quarters  of 
a  ton  of  coke  and  coke  breeze.**  In  years  of  active 
business,  about  four-fifths  of  the  coke  produced  in  the 
United  States  is  consumed  by  the  iron  and  steel  indus- 
try. Growth  of  coke  consumption  for  domestic  (house- 
hold) purposes  seems  to  have  been  halted  by  increased 
consumption  of  natural  gas  and  fuel  oil  and  by  intro- 
duction of  stoker-fired  coal  furnaces.  At  any  rate,  coke 
consumption  for  domestic  purposes  was  lower  in  1936 
than  in  1935,  even  though  consumer  incomes  were 
higher.  The  higher  price  for  coke  than  for  bituminous 
coal,  and,  in  some  sections,  for  anthracite,  is  a  deterrent 
to  expansion  of  sales,  but  the  lack  of  a  good  market  in 
the  United  States  for  byproducts  is  an  obstacle  to 
reduction  of  the  price  of  coke  to  a  level  at  which  a 
strong  inducement  for  consumption  of  coke  is  provided. 
In  1936  the  average  gross  receipts  from  byproducts  per 
ton  of  coke  produced  was  only  54  cents  for  tar  sold  or 
used,  29  cents  for  ammonia  and  its  compounds,  43  cents 
for  light  oil  and  its  derivatives,  and  $1.59  for  surplus 
gas  sold  or  used.*^  The  higher  efficiency  in  use  of  coke- 
oven  gas,  oils,  and  coke  than  of  raw  coal  is  partially 
canceled  by  thei'mal  losses  in  the  bypi'oduct  ovens. 
Veiy  likely  for  the  more  wasteful  utilization  of  coal 
fuel,  as  in  hand-fired  residential  furnaces,  conversion 
of  coal  first  by  the  byproduct  process  is  distinctly  a 
conservation  measure  as  well  as  a  means  for  combating 
the  smoke  hazard  in  cities. 

A  disadvantage  of  the  ordinary  high-temperature 
coke  process  is  that  it  usually  utilizes  high-rank  coal. 
Some  of  the  low-  and  medium-temperature  carboniza- 
tion processes  can  use  low-rank  bituminous  coal  or 
lignite.  The  product  is  usually  a  smokeless  semicoke 
more  easily  ignited  than  high-temperature  coke.  Since 
the  low-  and  medium-temperature  processes,  as  a  rule, 
yield  more  oils  than  the  usual  byproduct  processes  in 
use  today,*"  the  handicap  of  a  low  price  for  byproduct 
oils  appears  in  magnified  form.    Accordingly,  a  larger 


»•  Minerals  Yearbook,  lOSn,  pp.  893-94. 

'Ubid.,  p.  896. 

s»Arno  C.  Fieldner,  "Fuels  of  Today  and  Tomorrow,"  op.  cit.,  p.  14. 
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market  for  tsirs  ami  other  byprotlucts  will  encouragre 
increased  production  of  coke  and  semicoke,  solid  fuels 
highly  desirable  from  the  standpoint  of  utilization. 

Production  of  liciuid  fuels  from  coal  often  lias  been 
hailetl  as  a  means  of  obtaining  a  better  fuel  and  of 
relieving  the  pinch  when  petroleum  resources  are  inade- 
quate to  meet  demands.  Although  it  is  possible  to  pro- 
duce liquid  fuels  from  any  rank  of  coal  by  hydrogena- 
tion,*"  experiments  over  an  extended  period  in  the 
United  States  and  abroad  have  been  disappointing  in 
regard  to  the  economic  feasibility  of  the  undertaking. 
No  hydrogenation  is  being  done  on  a  commercial  scale 
in  the  United  States.  Costs  of  refined  motor  fuel  from 
coal  are  far  higher  than  those  of  gasoline  from  petro- 
leum. They  have  been  estimated  as  low  as  11  to  12 
cents  per  gallon  at  the  plant,*"*  against  a  current  cost  of 
gasoline  at  the  refinery  of  only  four  or  five  cents. 
Moreover,  hydrogenation  is  definitely  not  a  Avay  of  con- 
serving the  heat  values  in  coal.  The  thermal  efficiency 
of  the  Billingham  plant  in  England,  one  of  the  few 
active  hydrogenation  plants  in  the  world,  is  only  40 
percent.*'  This  efficiency  is  below  that  of  wasteful 
hand-firing  of  small  residential  furnaces. 

Gasification  of  coal  has  had  a  greater  development 
than  liydrogenation.  In  many  cities,  gas  manufactured 
chiefiy  from  coal  is  the  only  kind  available,  but  it  re- 
mains an  expensive  source  of  energy,  generally  much 
more  so  than  natural  gas.  The  cost  per  thousand  cubic 
feet  is  frequently  twice  that  of  natural  gas,  and  the 
heat  value  is  usually  about  half  as  great.  Thus,  on  a 
heat- value  basis,  the  cost  ratio  is  four  to  one.  Because  of 
growing  abundance,  natural  gas  has  cut  into  the  market 
for  mainifactured  gas  antl  promises  to  make  further 
inroads  in  the  near  future.*"  Unless  revolutionary  cost- 
saving  changes  are  made  in  the  gasification  of  coal,  ex- 
haustion of  the  supplj'  of  natural  gas  will  be  a  severe 
blow  to  gas  consumers. 

The  use  of  producer  gas  as  a  motor  fuel  is  being 
given  a  trial  in  Germany,  England,  and  France.*' 
Wood  charcoal  is  the  most  desirable  fuel,  but  anthra- 
cite and  low-temperature  coke  also  are  satisfactory. 


"  Cf.,  C.  C.  Wright  and  A.  W.  Gauger,  "The  Hydrogenation  of  Coal," 
reprint  from  Industrial  and  Engineering  Chemistry,  vol.  26,  February 
19S4,  p.  164. 

"C.  C.  Wright  and  A.  W.  Gauger.  Progress  Report  on  Coal  Hydro- 
genation, Technical  Report  No.  2,  October  1936,  Bituminous  Coal  Re- 
search. Incorporated,  pp.  13-14.  Cf.  Committee  of  Imperial  Defense, 
Subcommittee  on  Oil  from  Coal,  Report,  London,  February  1938; 
Gustav  Egloff,  "Manufacture  and  Use  of  Substitute  Motor  Fuels  Is 
Proving  Costly  in  Europe,"  Oil  and  Gas  Journal,  September  8,  1938, 
p.  ijf)  (T.  ;  Petroleum  Investigation,  Hearings  on  H.  R.  441,  September 
17  22.  1934,  pt.  I.  p.  748. 

"  Ihid.,  p.  10. 

"^Ct.  W.  n.  Fulneiler,  "The  Future  of  Manufactured  Gas,"  Pro- 
reedtng^.  Third  International  Conference  on  Bituminous  Coal,  Pitts- 
bursh.  Pa.,  1931,  vol.  I,  pp.  157-171. 

•'  .\rno  C.  Fieldner,  "Recent  Trends  in  Fuels  Competition,"  address 
given  at  the  First  Annual  Anthracite  Conference,  Lehigh  University, 
Bethlehem,  Pa.,  April  29-30,  1938.  pp.  7-8   (mimeographed). 


Portable  producers  for  a  5-ton  truck  include  steel  cylin- 
ders 12  to  20  inches  in  diameter  and  4  to  G  feet  high, 
weighing  about  200  pounds.  The  cost  of  the  solid  fuel 
is  onlj'  10  to  20  percent  of  that  of  gasoline,  but,  of 
course,  gasoline  prices  are  far  higher  than  in  the 
United  States.  Maintenance  costs  are  about  the  same 
as  for  gasoline-driven  vehicles.  In  Germany  over  1,000 
producer-equipped  trucks  and  busses  were  in  operation 
at  the  end  of  1936.  In  England  a  producer-equipped 
truck  gave  a  cruising  range  of  300  miles  on  one  filling 
of  anthracite,  and  a  bus  successfully  operated  on  Welsh 
anthracite  and  one  type  of  low-temperature  coke,  with 
a  consumption  of  coke  (when  it  was  used)  of  only  about 
2.2  pounds  per  mile.  At  a  price  of  $8  per  ton  for  coke, 
the  cost  of  fuel  then  would  amount  to  only  nine-tenths 
of  a  cent  per  mile.  This  cost  is  extremely  low  meas- 
ured even  by  American  standards  of  cost  for  bus  oper- 
ation; but  lowered  performance,  owing  to  relatively 
inflexible  o]ierati()ii,  is  a  disadvantage  where  stress  is 
placed  on  speed  and  dispatch. 

In  considering  economies  in  the  actual  conversion  of 
fuel  to  energy,  a  distinction  needs  to  be  drawn  be- 
tween heat  energy  and  mechanical  energy.  Losses  of 
lM)tential  energy  in  fuels  are  far  less  in  the  production 
of  heat  than  in  the  production  of  actuating,  or  me- 
chanical, energy.  The  latter  is  one  stage  further  re- 
moved in  tlie  process  of  utilization. 

Economies  in  Conversion  of  Coal  to  Heat  Energy 

Some  idea  of  the  degree  of  efficiency  in  heat  produc- 
tion from  coal  can  be  gained  by  the  study  of  the  per- 
formance of  residential  furnaces.  It  is  well  known,  of 
course,  that  the  efficiency  of  large  installations,  such  as 
boilers  in  central  electric  power  stations,  is  much 
higher  than  that  of  residential  furnaces.  A  series  of 
tests  made  by  the  Battelle  Memorial  Institute  on  the 
heating  plants  of  15  homes  in  Columbus,  Ohio,  gave 
overall  thermal  efficiencies  with  bituminous  coal 
ranging  from  41  to  69  percent."^  The  minimum  ef- 
ficiency was  recorded  for  a  hand-fired  warm-air  fur- 
nace using  bituminous  coal ;  the  maximum,  for  a  stoker- 
fii'ed  steam  boiler  al.so  using  bituminous  coal.  An  ef- 
ficiency of  76  percent,  the  highest  recorded  in  any  of 
the  tests  in  which  coal,  coke,  natural  gas,  or  oil  was 
used,  was  obtained  for  a  hand-fired  warm-air  furnace 
using  coke  and  also  for  a  steam  boiler  using  natural 
gas.  The  results  from  the  actual  tests  made  under 
various  weather  conditions  were  adjusted  to  indicate 


^  Ralph  A.  Sherman  and  R.  C.  Cross,  Efficicneii  and  Costs  of  Various 
Fuels  in  Qomestie  Heating,  Technical  Rei>ort  No.  3,  December  1936. 
Bituminous  Coal  Research,  Inc.,  Washington,  D.  C,  p.  32.  Cf.  E.  T. 
Goodwin.  "Fuel-Oil  Production  and  U.se."  Oil  and  Oas  Journal,  Novem- 
ber 18.  1937.  p.  59.  For  more  comprehensive  but  less  recent  data,  see 
Five  Hundred  Tests  of  Various  Coals  iJi  House  Heating  Boilers,  U.  S. 
Bureau  of  Mines  Bulletin  276  ;  also  Transact iotis,  American  Society  for 
Heating  and   Ventilating  Engineers,   vol.  31,   1925,   pp.   210-211. 
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probable  efficiencies  for  an  entire  Ireating  season.  These 
estimated  seasonal  efficiencies  were  as  follows:  45  per- 
cent for  hand-fired  bituminous  coal,  55  percent  for 
stoker-fired  bituminous  coal,  50  percent  for  hand-fii'ed 
semibituminous  coal,  70  percent  for  hand-fired  coke,  70 
to  75  percent  for  natural  gas,  and  60  to  70  percent  for 
oil.  A  careful  study  of  hand-firing  of  anthracite  in  a 
hot-water  residential  plant  at  New  Haven,  Connecticut, 
gave  an  eflSciency  of  65  percent  for  a  heating  season.^^ 
The  largest  losses  were  due  to  heat  in  dry  flue  gases, 
these  ranging  from  one-third  to  two-thirds  of  the  total 
losses.^*  Other  losses  resulted  from  moisture,  carbon 
monoxide  gas,  unconsumed  carbon  in  the  ash,  and  un- 
accounted causes. 

It  is  seen  in  these  tests  that  the  hand-fired  coke  fur- 
naces were  about  50  percent  more  efficient  than  the  hand- 
fired  bituminous  coal  furnaces.  This  difference  in  effi- 
ciency was  such  that  the  cost  of  fuel  for  the  coke  fur- 
naces in  Columbus  was  13  percent  less  than  for  the 
hand-fired  bituminous  coal  furnaces,"^  and,  of  course, 
coke  had  the  further  advantage  of  giving  smokeless 
combustion.  Consumers  often  express  dissatisfaction 
with  the  results  obtained  from  firing  with  coke.  The 
main  reason  for  this  complaint  lies  no  doubt  in  im- 
proper design  of  the  burning  equipment.  The  ordi- 
nary coal  furnace  is  poorly  adapted  for  coke.  Whereas 
a  furnace  designed  for  a  fuel  bed  12  inches  deep  may 
give  satisfactory  results  with  coal,  a  depth  twice  as 
great  may  be  needed  for  coke.^* 

From  a  cost  standpoint  coke  has  the  greatest  rela- 
tive advantage  in  consuming  centers  located  at  some 
distance  from  the  coal-producing  fields.  Since  the  cost 
of  transportation  between  the  mine  and  the  consuming 
area  varies  in  proportion  to  tonnage,  the  price  of  coke 
tends  to  maintain  a  fixed  differential  above  the  price 
of  coal,  if  both  the  coal  and  the  coke  follow  the  same 
route  of  distribution.  On  December  15,  1938,  the  re- 
tail price  of  egg  coke  in  Pittsburgh  was  $6.75  or  55 
percent  higher  than  the  price  of  high-volatile  egg  bitu- 
minous coal."  If  the  efficiency  of  coke  firing  was  50 
percent  greater  than  that  of  bituminous  coal  firing,  ob- 
viously coal  was  the  cheaper  fuel.  In  Cleveland,  how- 
ever, where  egg  coke  sold  for  $9.29  a  ton  (including  a 
3  percent  sales  tax) ,  a  level  only  22  percent  above  high- 
volatile  egg  bituminous  coal,  coke  was  the  more  eco- 
nomical fuel,  assuming  the  same  differences  in  effi- 
ciency. The  pattern  of  regional  cost  differentials  is. 
of  course,  highly  complex.  Nevertheless,  the  impor- 
tance of  considering  at  least  the  chief  differences  is 


ML.  P.  Breckenridge  and  S.  B.  Flagg.  Saving  Fuel  in  Heating  a 
House.  Technical  Paper  97.  1917.  U.  S.  Bureau  of  Mines,  p.  31. 

w  Sherman  and  Cross,  op.  cit.,  pp.  13-30.  passim. 

•=  Ibid.,  p.  9. 

"  Brecl<enridge  and  Flag?,  op.  eit.,  p.  16. 

"  Prices  are  from  Retail  Fuel  Prices  hy  Cities,  December  15,  193S, 
D.   S.  Bureau  of  Labor  Statistics    (mimeographed). 


clearly  apparent.  Reasons  other  than  economy  may 
also  carry  heavy  weight  in  the  shaping  of  the  fuels 
policy  with  respect  to  coal  and  coke.  Socially,  con- 
servation of  coal  resources  is  an  aspect  that  may  throw 
the  balance  in  favor  of  coke,  even  though  direct  costs 
to  consumers  may  be  somewhat  higher.  Smoke  abate- 
ment and  consequent  improvement  of  environmental 
and  health  conditions  as  well  as  savings  in  cleaning 
bills  are  forceful  arguments  for  the  substitution  of  coke 
for  coal. 

A  newcomer  in  the  technique  of  coal  utilization  is 
the  small  coal  stoker  suitable  for  residential  use. 
Marked  advances  in  the  design  of  stokers  in  recent 
years  have  opened  new  possibilities  of  application. 
Stoker  firing,  in  addition  to  giving  higher  efficiency 
than  hand  firing,  greatly  reduces  the  volume  of  smoke 
emitted.  It  also  possesses  the  advantage  of  automatic 
control  of  firing.  Although  the  price  of  stokers  is  still 
relatively  high,  reductions  are  being  made  so  that  such 
equipment  is  coming  within  the  reach  of  a  larger  group 
of  consumers.  Conversions  of  hand-fired  furnaces  to 
stoker  firing  are  not  as  satisfactory  as  unit  installations. 
In  the  programs  for  new  housing,  more  attention 
should  be  given  to  heating  plants,  particularly  to  direct 
more  consideration  to  stoker  equipment  where  the  use 
of  coal  is  contemplated. 

Owing  to  the  added  first  cost  of  stokers  and  to  addi- 
tional expenses  of  upkeep  and  of  delivery  of  coal  from 
the  bin  to  the  furnace  (usually  by  electric  power), 
stokers  are  at  a  maximum  advantage  with  respect  to 
hand  firing  in  areas  where  coal  costs  are  high.  They 
also  tend  to  be  advantageous  in  cold  climates  or  in 
large  residences  where  the  annual  consumption  of  coal 
is  heavy. 

Stoker  firing  usually  costs  somewhat  more  than  hand 
firing,  but  because  of  higher  fuel  efficiency  and  use  of 
cheaper  sizes  of  coal,  the  difference  is  seldom  great.®' 
Consumers,  nevertheless,  have  been  prone  to  draw  com- 
parisons with  such  luxury  fuels  as  oil  and  gas,  where- 
as, for  some  homes,  stokers  offer  all  the  advantages  of 
clean,  automatic  heat  at  a  cost  about  as  low  as  that 
of  hand  firing.  Despite  this  assumed  luxury  status, 
however,  stokers  are  gaining  rapidly  in  favor.  This 
change  is  shown  by  the  ratio  of  sales  of  stokers  to  sales 
of  oil  burners,  which  in  1932  was  one  to  eight,  but  in 
1937  was  down  to  about  one  to  two.®® 

In  the  firing  of  a  small  furnace,  especially  by  hand 
methods,  the  personal  factor  enters  strongly.  Given 
the  same  fui-nace,  variable  efficiencies  are  obtained,  dif- 
ferences appearing  with  reference  to  the  type  of  coal 


»'  Cf.  Sherman  and  Cross,  op.  eit.,  p.  10. 

"Data  from  Ralph  A.  Sherman.  "The  Status  of  Coal  Research  To- 
day," paper  presented  at  the  Conference  on  the  Engineering  and  Eco- 
nomic rtilization  of  Solid  Fuel,  Washington  University,  St.  Louis, 
May  30,  1938,  p.  7  (mimeographed). 
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selected,  tlie  methods  used  in  firinjr.  and  weather  condi- 
tions. There  is  a  real  need  for  education  of  consumera 
on  the  efficient  use  of  coal-burning  equipment.  The 
efforts  of  the  United  States  Bureau  of  Mines.^  tlie  Con- 
sumers' Counsel  of  the  National  Bituminous  Coal  Com- 
mission,^  Bituminous  Coal  Research,  Inc.,'  the  Anthra- 
cite Institute,  and  Antliracite  Industries,  Inc.,  in  this 
direction  arc  commendable  and  should  be  further  ex- 
tended. The  chief  hope  of  the  coal  industry  lies  in 
improved  service.  There  is  a  need  for  further  studies 
of  problems  encountered  under  the  common  methods 
of  firing.  These  studies  preferably  should  be  broadly 
based  to  include  costs  of  fuels,  costs  of  equipment  and 
its  operation,  insulation  of  buildings,  humidity  con- 
trol, and  reduction  of  dust,  smoke,  and  soot.  In  this 
connection,  the  educational  camj)aign  in  France  to 
persuade  consumers  to  adopt  the  most  modern  and 
most  efficient  methods  of  utilization  may  warrant  close 
observation.* 

High  efficiencies  and  almost  smokeless  combustion 
are  achieved  by  the  use  of  pulverized  coal.  Extensive 
research  has  been  done  on  this  aspect  of  utilization, 
more  attention  having  been  given  to  this  topic  at  the 
Third  International  Omfcrence  on  Bituminous  Coal, 
1931,  than  to  any  other  subject. 

Since  pulverized  coal  is  higlily  combustible,  special 
l)roblems  of  transportation  are  encountered.  For  rail- 
road haulage,  specially  constructed  tank  care  are  re- 
quired.' Pipe-line  transportation  has  been  tried,  and 
installations  of  about  one  mile  have  been  worked  satis- 
factorily." In  the  future,  long-distance  pipe-line  trans- 
portation of  colloidal  solutions  of  coal  may  be  a  possi- 
bility. Pulverized  coal  might  conceivably  be  piped 
from  a  central  producing  plant  directly  to  consuming 
equipment.  Thus,  advantages  of  low-cost  smokeless 
combustion  and  automatic  control  would  be  combined. 
Use  of  pulverized  coal  in  locomotive  boilers  has  .shown 
such  favorable  features  as  little  smoke,  no  spai'ks,  easier 
handling  of  coal,  rapid  adaptation  of  firing  to  variable 
load,  less  consiunption  of  coal,  and  saving  in  dead-head 
haulage.'    Pulverized  coal  also  has  been  used  with  mod- 


'  Brerkonridge  and  Flagg,  op.  cit.,  see  also  J.  F.  Barkley,  Questions 
and  Answers  for  the  Coal  Fireman,  U.  S.  Bureau  of  Mines.  1038  ;  also 
Barkley.  Questions  and  Answers  for  the  Home  Fireman,  V.  S.  Bure,au 
of  Mines.  193.1. 

*  In  its  "Consumer  Ideas'*  bulletins. 

'  In  bulletins,  such  as  Automatic  Residential  Heating  uith  Bitu- 
minous Coal,  distributed  by  the  National  Coal  Association. 

'  See  H.  de  Peyerirahotf,  "national  Utilization  of  French  Coal  Ke- 
serves,"  Third  International  Potrer  Conference,  sec.  IV,  Paper  No.  11, 
Washinalon.  D.  C,  ly.'!6   (conference  proof),  p.  8. 

'  I.  r.  Goosens,  "The  Transport  of  Pulverized  Coal,"  Proeeedinga, 
Second  International  Conference  on  Bituminous  Coal,  Pittsburgh,  1928, 
vol.  I.  p.  909. 

t  Ihiil. 

^  Baurat  Walter  Kleinow,  "The  Powdered  Coal  Locomotives  of  the 
Allgemeine  Elektricitaets  Gesellschaft,"  Proceedings,  Second  Interna- 
tional Conference  on  Bituminous  Coal,  Pittsburgh,  1928,  vol.  I,  pp. 
815-16. 


erate  success  as  a  fuel  for  internal  combustion  en- 
gines.* 

There  appear  to  be  great  possibilities  for  better  use 
of  coal  energy  through  temperature  control  in  the 
home.  Uncoordinated  systems  now  in  use  probably 
some  day  will  seem  woefully  crude.  A  central  auto- 
matic unit,  possibly  using  puh'erized  coal,  may  pro- 
vide all  the  needs  of  energy  for  space  heating,  water 
heating,  and  cooking;  or  the  entire  needs  for  heating 
and  cooling  might  be  met  by  a  single  unit  operating  on 
the  principle  of  the  mechanical  refrigerator.  Changes 
equally  spectacular  have  occurred  during  the  past  50 
3'ears,  particularly  in  the  application  of  electrical  en- 
ergy. Improvements  in  the  technology  of  boat  energj- 
may  be  the  next  major  advance. 

So  far  as  convereion  of  coal  to  heat  energy  is  con- 
cerned, maximum  possible  efficiency  is  being  ap- 
j)roached  by  the  best  boilers."  Both  pulverized  coal 
and  stoker-fired  installations  give  steam  efficiencies  of 
as  much  as  90  to  92  percent.^"  Accordingly,  not  much 
can  be  done  to  raise  the  performance  of  th(>se  boilers, 
and  attention  should  be  turned  to  raising  the  perform- 
ance of  the  le.ss-efficieiit  installations  or,  if  mechanical 
energy  is  desired,  to  improving  the  efficiency  of  conver- 
sion of  steam  to  power. 

Economies  in  Conversion  of  Coal  to  Mechanical  Energy 

Although  conversion  of  coal  to  heat  energy  may  be 
within  8  i)ercent  of  absolute  perfection  in  the  best 
installations,  losses  in  conversions  to  mechanical  en- 
ergy, even  on  best  performance,  run  to  at  least  68  per- 
cent. The  efficiency  of  mercury-vapor  plants  on  test 
has  gone  as  high  as  40  percent,  but  in  regular  operation 
the  maximum  is  only  32  percent."  Steam-turbine 
plants  using  coal  fuel  have  been  able  to  attain  an 
efficiency  of  31  percent." 

Experiments  have  been  made  with  the  use  of  tar 
from  bituminous  coal  to  operate  Diesel  motors.  A 
mixture  of  refined  tar  oil  with  10  percent  paraffin  oil 
operated  satisfactorily  and  gave  a  thermal  efficiency  of 
29  percent." 

It  should  be  emphasized  that  these  maximum  effi- 
ciencies are  far  above  the  average  performance.  Most 
of  tiie  equipment  now  in  use  was  installed  a  decade  or 
more  ago.  At  least  56  percent  of  the  railroad  locomo- 
tives are  more  than  20  vears  old.'^     But  the  thermal 


^  See.  for  example,  Rudolph  PawHkowski,  "An  Internal  Combustion 
Engine  Using  Pulverized  Coal,"  Proceedings,  Second  International 
Conference  on  Bituminous  Coal,  Pittsburgh,  1928,  vol.  I,  pp.  7G8-91. 

•  Field ner,  "Fuels  of  Tod.iy  and  Tomorrow,"  op.  cit.,  p.  12. 

>"  IhUl.     • 

"  Ihid.,  p.  in. 

^  Ibid. 

^  Fieldner,  "Recent  Developments  in  Coal  Preparation  and  Utiliza- 
tion," Minerals  Yearbook,  1937,  pt.  Ill,  p.  949. 

"  Interstate  Commerce  Commission,  Statistics  of  Railways  in  the 
United  States,  isn,  pp.  5-16. 
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efficiency  of  most  of  the  locomotives  built  since  the 
World  War  is  probably  not  more  than  11  to  12  per- 
cent." Stationary  installations,  of  course,  usually 
show  higher  efficiencies.  The  fuel  efficiency  for  rail- 
roads could  be  doubled  by  electrification,  so  that  the 
higher  efficiencies  of  central  power  stations  would  be 
utilized.^*'  It  is  safe  to  assume  that  the  average  effi- 
ciency of  industrial  boilers,  the  majority  of  which  were 
installed,  no  doubt,  more  than  a  decade  ago,  is  little  if 
any  above  65  percent.^"  The  addition  of  air  heaters, 
economizers,  and  mechanical  stokere  or  powdered-fuel 
burners  may  easily  raise  the  average  to  80  percent, 
thereby  effecting  a  substantial  conservation  of  coal. 

The  history  of  power  production  from  coal  has  been 
one  of  uninterrupted  increase  in  efficiency.  The  crude 
steam  engine  invented  by  Savery  in  1700  probably  con- 
sumed 40  pounds  of  coal  per  horsepower-hour;  the 
Newcomen  engine,  invented  in  1711,  about  35  pounds.^* 
Smeaton's  engine  in  1772  reduced  the  consumption  of 
coal  to  18  pounds  per  horsepower-hour,  and  Watt's  en- 
gine in  1778  reduced  it  to  9  pounds."  The  Cornwall 
engine  of  1844  used  3.2  pounds.  By  the  end  of  the 
World  War  the  best  engines  consumed  a  little  more 
than  1  pound  per  horsepower-hour,  whereas  those 
today  consume  considerably  less  than  1  pound  for 
equivalent  output.  The  first  steamship  to  cross  the 
Atlantic,  the  Savannah,  is  believed  to  have  burned  10 
pounds  per  horsepower-hour.^"  This  record  was  made 
in  1819.  In  1907  the  Lusitania  consumed  only  1.3 
pounds.^' 

During  recent  years,  central  electric  power  stations 
have  made  the  most  spectacular  gains  in  fuel  economy 
(fig.  25).  From  an  average  consumption  in  1902  of 
6.4  pounds  of  coal  per  kilowatt -hour,  the  level  has  been 
reduced  to  1.42  pounds  in  1937.-=  The  peak  attaimnent 
in  efficiency  is  0.707  pounds  of  coal  per  kilowatt-hour.^' 
There  is  therefore  a  wide  spread  between  the  best  per- 
formance and  the  average  for  the  country,  but  the  rate 
of  reduction  of  the  spread  will  be  slower  than  in  the 
past  because  earlier  improvements  tended  to  eliminate 
methods  that  were  admittedly  inefficient.  But  a  plant 
now  using  2  pounds  of  coal  per  kilowatt-hour  may 


''  Ct.  Arthur  D.  Little  and  R.  V.  Kleinschmidt,  "Coal  Consumption 
as  Affected  by  Increased  Efficiency  and  Other  Factors,"  Proceedings, 
Second  International  Conference  on  Bituminous  Coal,  Pittsburgh.  192S, 
vol.  I,  p.  112. 

"Ihid.,  pp.  112-13. 

"/6id.,  p.  113. 

^  F.  G.  Tryon  and  H.  O.  Rogers.  "Statistical  Studies  of  Progress  in 
Fuel  Efficiency,"  Transactions,  Second  World  Power  Conference,  Berlin. 
1930.  p.  362.  For  original  presentation  of  data,  see  W.  B.  Heroy. 
"Tendencies  of  Power  Production."  The  Strategy  of  Minerals,  New 
York.  1919,  ch.  IV. 

i»  md. 

=»  Ibid.,  p.  361. 

=1  Ibid. 

2^  U.  S.  Bureau  of  Mines  data. 

^'A.  T.  Shurick.  "King  Coal  Still  Rules  75  Percent  of  His  Domain. 
Though  Credited  With  But  54  Percent,"  Annalist,  April  2,  1937,  p.  517. 


be  highly  efficient,  if  the  coal  used  has  a  low  heat 
value.  Thus  a  plant  using  2  pounds  of  coal  of 
7,000  B.  t.  u.  heat  value  may  be  as  efficient  as  one 
using  only  1  pound  of  coal  of  14,000  B.  t.  u.  An  esti- 
mate of  the  efficiencies  of  public  utility  power  plants, 
computed  by  the  method  used  hj  the  United  States 
Bureau  of  Mines,  shows  a  wide  range  of  variation  in 
performance  among  states,  partly  related,  no  doubt, 
to  differences  in  the  size  of  plants  and  their  variable 
efficiencies  but  also  to  the  varying  heat  value  of  the 
coal  used.  Power  plants  in  New  York  State,  Michigan, 
and  the  District  of  Columbia  had  consumption  of  slight- 
ly more  than  1  pound  of  coal  per  kilowatt-hour,  includ- 
ing the  coal  equivalent  of  other  fuels  used,  whereas 
North  Dakota,  in  the  lignite  area,  showed  a  comparable 
consumption  of  3.63  pounds,  Wyoming  3.14  pounds, 
and  Colorado  2.26  pounds  (table  7).  Accordingly, 
it  appeai-s  that  maximum  practical  efficiency  for  the 
major  proportion  of  plants  is  beuig  approached,  and 
further  marked  gains  must  await  improvement  in 
methods.  The  efficiency  of  central  power  stations  ap- 
pears already  to  be  advancing  at  a  slower  rate,  but, 
of  course,  depressed  business  conditions  have  retarded 
the  introduction  of  new  equipment,  and  a  rise  in  ac- 
tivity may  lead,  for  a  time,  to  resumption  of  rapid 
gains  in  efficiency. 

In  1919-20  steam  railroads  consumed  170  pounds  of 
coal  per  1,000  gross  ton-miles  of  freight  service  and  in 
1937  only  117  pounds,  a  reduction  of  31.2  percent.^^  An 
examination  of  data  collected  by  the  Interstate  Com- 
merce Commission  by  regions  indicates  that  little,  if 
any,  of  this  reduction  in  consumption  is  attributable 
to  a  shift  from  lower  grade  to  liigher  grade  coal. 

The  quantity  of  coking  coal  consmned  per  ton  of  pig 
iron  was  reduced  18.9  percent  from  1918  to  1936,"  be- 
cause of  increased  recovery  of  coke  through  the  by- 
product process  and  use  of  coke-oven  gas  and  tar  as 
fuels  (fig.  26).  Savings  of  fuel  through  recover}^  of 
gas,  tar,  light  oils,  and  coke  breeze,  bj'  the  extension  and 
improvement  of  byproduct  coking  in  place  of  beehive 
ovens,  likewise  resulted  in  economies. 

In  general,  promotion  of  fuel  efficiency  needs  less 
attention  from  public  organizations  than  reduction  of 
wastes  in  mining  and  handling.  Conservation  in  use  is 
a  question  of  reduction  of  expense  or  improvement  of 
service  for  individual  users,  and  therefore  it  is  con- 
nected with  the  private-gain  motive.  Steady,  although 
possibly  slower,  progress  in  tliis  field  seems  assured. 

Reduction  of  Energy  Required  for  a  Given  Use 

It  is  likely  that  a  change  in  the  direction  of  develop- 
ment is  taking  place.  Whereas  increasing  mechaniza- 
tion for  over  a  hundred  yeai's  meant  the  application  of 


^  Mineral^i  Yearbook.  19.SS,  p.  716. 
2=  Ibid. 
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Table  7. — Fuel  consumed  in  the  generation  of  electrical  energy  for  public  use  in  selected  States  and  the  United  States^  1937 


Coal,  net 
tons 

Fuel  oil 

Natural  gas 

Total  coal 

equivalent 

(tons) 

Energy  pro- 
duction 
generated  by 
fuel  plants 
(excluding 
production  by 
wood  fuel\ 
thousands  of 
kilowatt- 
hours 

state 

Barrels 

Coal  equiva- 
lent (tons)' 

Thousands 

of  cubic 

feet 

Coal  equiva- 
lent (tons)' 

Pounds  of 
coal  per 
kilowatt- 
hour 

1,399,530 

4, 739, 735 

6,061,711 

5,  502.  637 

5,909,881 

2,418,700 

1.142,925 

349.633 

444, 122 

370,452 

852,210 

1,912,371 

278,858 

123,705 

651,084 

120,378 

493,448 

164,551 

9,401,693 

307,802 
360,930 
34,304 
24.402 
48,471 
48,978 
53,073 
24,449 
16, 415 

70, 488 
82,  655 
7,856 
5,588 
11.100 
11,216 
12,lf4 
5,599 
3,759 

1.470,018 
4,991,207 
6.197.309 

5.  601. 609 

6.  074, 137 
2.429.916 
1. 155,  079 

364,236 
447.886 
370.462 
859,  075 
1,915,110 
283,986 
125,347 
653,004 
139,936 
519,771 
165,888 
18,742,053 

2, 252, 494 

8,448,356 

8.428,064 

8,134.972 

7,797.086 

4,487,898 

1,781,971 

200. 431 

650. 408 

081.862 

1.211.994 

2,  467,  0l7 

414,054 

132,  259 

580,244 

89, 133 

459, 508 

213,719 

25,477,275 

1.31 

4,114,419 
3.113,341 
3, 738, 292 
3,732,72-1 

168,817 
127,742 
153.384 
153, 156 

1.18 

1.47 

Ohio                 

1.39 

niiDois      

1.56 

1.08 

Wisconsin 

1.30 

North  Dakota. 

219,454 
114 

9,004 
5 

3.63 

1.38 

District  of  Columbia 

1.09 

Virginia                  _                _  _                   -  , _......... 

29,976 

921 

22,392 

7,169 

8,383 

8.472 

38,881 

5.527 

13,063,711 

0,865 
211 
5,128 
1.642 
1,920 
1,940 
8.904 
1,266 
2,991,0ii6 

1.42 

West  Virginia     ...    

61,624 

2.528 

1.55 

North  Carolina 

1.37 

Sntllh  Cnrnlina 

1.90 

2.25 

429,387 

424, 527 

1.738 

154,731,023 

17,618 

17,419 

71 

6,348,694 

3.14 

Colorado 

2.26 

Utah 

1.55 

Other  States 

1.47 

Total,  United  States      

42,337,624 

14, 104, 256 

3,229,957 

170,588,643 

6,998,438 

52, 566, 019 

73.908,745 

1.42 

'  4.3667  barrels  of  oil  =  l  ton  of  coal. 

'  24.3721  thousand  cubic  feet  of  gas  =  l  ton  of  coal. 

Source  of  basic  data:  Federal  Power  Commission,  Electric  Power  Stalistics,  I9ST,  pp.  10.  11, 19-24;  National  Bituminous  Coal  Commission,  Bituminous  Coal  Tables,  1956-87, 
p.  46. 
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more  energy,  now  less  energy  is  often  needed  because 
of  a  streamline  type  of  operation.  This  contrast  is 
shown,  for  example,  in  modern  smooth-running  con- 
tinuous rolling  mills  in  the  steel  industry  against  the 
former  cumbersome  mills.  The  amount  of  dead  weight 
requiring  energj'  is  still  very  large.  Transportation  of 
one  person  weighing  perhaps  150  pounds  in  an  automo- 
bile weighing  3,000  pounds  consumes  necessarily  an 
enormous  input  of  energy  for  the  effective  work  done. 
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Somewhat  similar  conditions  have  existed  in  raili'oad 
transportation  and  are  now  being  improved  by  new 
light-weight  trains. 

One  of  the  great  modern  needs  is  for  more  extensive 
and  better  use  of  insulation  materials  to  eliminate  the 
enormous  waste  of  heat  energj-  in  most  branches  of 
utilization.  It  is  physically  possible  by  thorough  insu- 
lation to  reduce  the  requirements  of  energy  for  space 
heating,  as  in  residences,  to  a  small  fraction  of  tnat 
now  required.  Although  possibilities  of  conservation 
of  mechanical  energy  appear  less  promising  as  far  as 
reduction  of  effective  work  is  concerned,  new  methods 
designed  to  short-circuit  the  intermediate  step  of  con- 
vereion  of  a  fuel  to  heat  energy  before  mechanical  en- 
ergy is  derived  may  some  day  be  made  practicable. 
Direct  conversion  from  fuel  to  mechanical  energy  is  the 
aim  of  the  "fuel  cell."  -^  This  process,  in  a  promising 
experimental  stage,  effects  direct  transformation  of  coal 
gas  into  electrical  energy  by  a  chemical  change  analo- 
gous to  that  of  discharging  a  storage  battery.^'  Meth- 
ods of  such  revolutionary  character  suggest  great  po- 
tentialities for  fui'ther  conservation  in  use. 


1913      -15         17         19        21        -23        '25       '27         29       '31  '33       '35        '37 

FiGDBB  26. — Pounds  of  Blast-Furnace  Coke  Consumed  Per  Gross  Ton 

of   Pig  Iron,   1913-17.     (Reproduced   from   Minerals  Yearbook,   1938, 
p.  788.) 


^  H.  C.  Howard,  "The  Fuel  Cell,"  mimeographed  release  issued  by 
the  Coal  Research  Laboratory,  Carnegie  Institute  of  Technology, 
Pittsburgh,  1932. 

!"  Arthur  E.  Morgan,  "The  Planned  Dse  of  Water  Resources."  Tliird 
World  Power  Conference,  Washington,  1936,  sec.  T,  Paper  No.  13,  p.  10. 


CHAPTER  5.— STABILIZATION  AND  SOCIAL  CONTROL  OF  THE  COAL  INDUSTRY 


The  Problem  of  Social  Control 

The  coal  industry  in  the  United  States  has  suffered 
a  depression  since  the  early  1920's.  The  all-time  peak 
of  production  was  established  in  1918.  During  the 
period  of  business  jirosperity  from  1923  to  1929,  the 
condition  of  this  industry  was  in  marked  contrast  to 
that  of  industry  in  general.  Annual  production  of 
coal  during  the  period  was  maintained  at  a  level  above 
550  million  tons,  but  the  industry  operated  at  a  loss 
because  of  rapidly  decreasing  sales  realization.  In 
1920  the  average  realization  at  the  mine  on  bituminous 
coal  was  $3.75  per  ton.  In  1929,  the  last  year  in  which 
bituminous  coal  production  exceeded  500  million  tons, 
the  average  price  was  only  $1.78,  or  47  percent  of  the 
1920  value.  During  the  general  business  dej)ression 
since  1929  the  coal  situation  has  grown  worse.  Produc- 
tion has  fallen  off  decidedly,  accompanied  by  a  further 
decrease  in  price. 

Although  many  factors  have  contributed  to  the  de- 
pressed condition  of  the  industry,  princii^al  responsi- 
bility for  the  critical  situation  may  be  ascribed  to 
lack  of  adaptation  of  the  industry  to  a  market  in  which 
the  trend  is  no  longer  upward  but,  in  fact,  seems  to 


be  downward  at  a  rapid  rate.  It  has  become  evident 
that  the  demand  and  potential  supply  of  coal  are  out  of 
adjustment  and  that  the  internal  structure  of  the  in- 
dustiT  is  badly  shaken  by  destructive  competition, 
which  has  tended  to  introduce  not  only  inefficiency  in 
oj)eration,  but  also  wasteful  utilization  of  resources. 

It  is  true  that  there  has  been  some  decline  in  the 
demand  for  coal  owing  to  increased  use  of  fuel  oil, 
natural  gas,  and  water  power  and  because  of  economies 
made  possible  by  the  increasing  technical  efficiency  of 
coal  utilization.  Despite  the  decreasing  and  fluctuating 
demand,  however,  capacity  has  been  maintained  at  a 
high  level  by  interdistrict  competition,  with  the  result 
of  unstable  prices  and,  until  recent  j^ears,  of  unstable 
wage  structures  accompanied  by  labor  strife  and  hard- 
ship, and  inconvenience  to  producers  and  consumers. 

When  the  importance  of  coal  to  the  economic  and 
social  welfare  of  the  country  is  considered,  it  is  evident 
that  some  steps  should  be  taken  to  return  the  industry 
to  a  stable  and  profitable  basis.  Coal  is  the  world's 
most  important  source  of  energy,  and  the  United 
States  is  fortunate  in  owning  an  abundant  share  of  this 
resource.    The  country's  manufacturing  and  transpor- 
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tation  industries  are  for  the  most  part  dependent  on 
coal  as  a  source  of  power.  Tiie  number  of  men  directly 
employed  by  the  coal  industry  runs  into  hundreds  of 
thousands.  At  its  lowest  point  in  recent  years,  the 
industry  employed  more  than  a  half  million  men.  In 
addition,  a  million  and  a  half  or  more  persons  depend- 
ent on  tlie  wages  of  coal  nniners  must  be  considered,  as 
must  persons  dependent  on  wages  from  industries  that 
could  not  operate  without  coal. 

The  philosophy  of  government  in  the  United  States 
in  general  is  against  governmental  intervention  in  pri- 
vate enterprise.  The  condition  of  the  coal  industry  is 
such,  however,  that  operators,  minei-s,  and  the  general 
public  have  felt  the  need  of  regulation.  There  are 
some  persons,  of  coui-se,  who  oppose,  as  a  matter  of 
fixed  policy,  any  form  of  regulation,  and  there  are  also 
those  who  favor  complete  nationalization.  This  diverg- 
ence of  attitude,  where  it  is  based  on  rational  grounds, 
is  an  indication  of  the  presence  of  effective  arguments 
both  for  and  against  I'egulation.  There  is  no  absolute 
standard  by  which  the  question  of  regulation  of  the 
coal  industry  may  be  judged.  The  final  decision  rests 
on  numerous  factors  relating  to  the  efficiency  of  enter- 
prise in  the  industry',  return  received  by  those  attached 
to  the  industry,  the  exhaustibility  of  coal  and  other 
energy  resources,  and  the  importance  of  energy  to  the 
general  welfare.  Mining  of  coal  by  private  industry 
in  the  United  States  must  be  credited  with  a  high  de- 
gree of  practical  eflfectiveness,  considering  the  scatter 
and  variability  of  reserves,  and  repeated  losses  of  in- 
vestment suffered  since  1922.  The  driving  force  of 
desire  for  economy  and  profitable  operation  applied  to 
abundant  reserves  has  provided  a  plentiful  supply  of 
low-cost  fuel.  Enterprise  has  been  relativelj'  free  from 
the  uncertainty  of  shifting  political  trends.  On  the 
other  hand,  the  record  with  regard  to  conservation, 
standards  of  living  for  miners,  and  fair  rates  of  return 
for  enterprise  leaves  much  to  be  desired.  There  is  little 
basis  for  supposing  that  corrective  tendencies  will  de- 
velop without  some  overt  action  to  control  practices 
that  the  industry  heretofore  has  been  unable  to  remedy. 

Public  responsibility  in  the  coal  industry  exists,  not 
only  because  of  the  need  for  improvement  in  the  indus- 
try, but  also  because  stability  and  avoidance  of  exces- 
sive loss  are  essential  to  conservation  and  rational  use. 
Little  progi-ess  in  the  reduction  of  waste  may  be  ex- 
pected if  production  must  be  pursued  under  conditions 
of  prolonged  loss  and  bankruptcy.  It  is  inevitable 
that  harassed  enterprise  will  seek  a  way  out  by  ruth- 
less exploitation  or  by  building  its  own  defense  mech- 
anism of  control.  The  aim  of  regulation,  therefore,  is 
not  coercive  interference  with  those  engaged  in  coal 
production,  but  rather  to  create  a  framework  of  public 
policy  within  which  enterprise  may  function  efficiently, 


a  framework  which  maintains  a  balance  among  the 
interests  of  operators,  miners,  and  consumers  of  coal. 

Attempts  (o  Control  the  Industry 

In  the  past,  industrial  control  of  tlie  coal  industry 
has  arisen  from  the  industry,  labor  organizations,  local 
governments.  States,  and  the  Federal  Government.^ 
Until  1932  control  was  largely  incidental  to  other  ob- 
jectives. Taxes  levied  by  State  and  local  governments 
controlled  to  some  extent  the  functioning  of  the  coal 
industry.  In  the  main,  taxes  have  been  levied  against 
reserves;  consequently,  they  have  encouraged  exten- 
sion of  mining  to  provide  revenue  for  payment  of  the 
taxes.  On  the  other  hand,  such  taxes  have  tended  to 
prevent  high  capitalization  of  coal  lands,  which  in 
turn  has  tended  to  reduce  royalty  payments  and  to 
permit  new  companies  to  enter  production  without 
large  expenditure  for  reserves.  State  legislation  has 
been  applied  to  such  elements  as  accident  prevention, 
compensation,  mine  inspection,  reporting  of  produc- 
tion and  reserves,  property  rights  (such  as  leaving  of 
barrier  pillars  at  boundaries),  use  of  explosives,  and 
intrastate  transportation  of  coal. 

Control  by  the  industry  has  been  in  the  nature  of  in- 
formal or  formal  voluntary  agreements,  or  understand- 
ings. Trade  associations,  organized  locally  in  major 
producing  areas,  and  also  nationally,  have  been  a 
means  of  dissemination  of  information  and  of  de- 
termination of  policies.  Likewise,  there  have  been 
some  cooperati\o  marketing  associations  with  agency 
powers.  The  McAlester  Coal  &  Fuel  Co.,  in  Okla- 
homa, which  became  an  exclusive  selling  agency  for 
certain  large  ojjerators  in  1904,  represents  an  early  at- 
(einj)t  at  such  cooperation,-  whereas  Ajipalachian 
Coals,  Inc.,  organized  in  1932  among  i^roducers  in 
soutliern  West  Virginia,  Virginia,  eastern  Kentucky, 
and  northeastern  Tennessee,  represents  a  later  and 
much  more  extensive  attempt.^  The  Bituminous  Coal 
Act  of  1937  encourages  the  formation  of  such  coopera- 
tive agencies.  By  the  middle  of  November  1938,  there 
were  nine  applications  before  the  National  Bituminous 
Coal  Commission. 

For  at  least  40  years,  collective  bargaining  for  wage 
rates  has  attempted  stabilization  of  interdisti'ict  com- 
jietition  in  the  coal  industry.  Wages  usually  constitute 
more  than  60  percent  of  the  production  cost,  and  there- 
fore they  ha^e  a  major  effect  on  pricing.    As  early  as 


'  For  a  suiiiinnry  of  numerous  proposals,  see  L.  E.  Young,  "Proposals 
for  Stabilization  of  tlie  Bituminous  Coal  Industry,"  Proceedings,  Third 
Ittternatioital  Conference  on  Ititurninous  Coal,  Pittsburgh,  1931,  vol.  I, 
pp.  53-81.    , 

=  Frederick  Lynne  Ryan.  The  Rehabilitation  of  Oklahoma  Coal  Min- 
ing  Communities,  University  of  Oklahoma  Press,  Norman,   193,^i,  p.  58. 

'J.  P.  Willi.^ms,  .Tr.,  "Organization  of  the  Production,  Processing,  and 
Distribution  of  Coal  and  Coal  Products,"  Third  World  Power  Conference, 
Washington,  1936,  sec.  II,  Paper  No.  4,  (conference  proof)  p.  8. 
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1898  wage  rates  were  fixed  on  a  coordinated  competi- 
tive basis  by  means  of  a  collective  interstate  agree- 
ment covering  most  of  the  mines  of  the  central  com- 
petitive field — those  in  western  Pennsylvania,  Ohio, 
Indiana,  and  Illinois.*  The  advantages  of  this  method 
of  standardizing  wage  rates  and  costs  over  large  com- 
petitive areas  were  recognized  by  nmnerous  operators 
and  mine  workers.  As  early  as  1906,  nevertheless,  dif- 
ficulty in  negotiating  collective  wage  agreements  began 
to  be  encountered  because  of  the  jjressure  on  wage 
standards  exerted  by  competition  from  operators  whose 
wage  rates  were  not  stabilized  by  the  union  agi-ee- 
ments.^  This  pressure  resulted  in  several  extensive 
suspensions  during  the  pre-war  years.  During  and  im- 
mediately after  the  war,  mines  enrolled  under  the 
collective  agreements  increased  in  number  until,  in  1922, 
70  percent  of  the  bituminous-coal  mines  were  operating 
under  such  agreements.  The  general  coal  strike  in 
1922,  however,  broke  the  strength  of  the  union  in  the 
southern  fields.  The  union  continued  to  be  strong  in 
the  northern  fields,  and  wage  rates  in  those  fields  were 
maintained  at  peak  levels.  The  Jacksonville  agree- 
ment, signed  in  February  1924,  projected  the  pre- 
viously detennined  wage  rates  for  3  years  additional. 
Northern  mines,  being  burdened  with  relatively  higher 
wage  costs,  lost  business  to  the  southern  mines.  Nu- 
merous northern  mines  closed  and  reopened  on  a  non- 
union basis,  but  the  reestablishment  of  competitive  re- 
lationships was  not  sufficiently  rapid  to  prevent  marked 
expansion  of  capacity  in  the  southern  fields.  By  the 
early  part  of  1925  most  of  the  operators  in  northern 
West  Virginia  had  broken  away  from  the  union  con- 
tract.* On  expiration  of  the  agreement,  March  1,  1927, 
a  strike  ensued  in  the  northern  fields  which  terminated 
in  almost  complete  abandonment  of  interstate  collective 
bargaining.  The  business  depression  after  1929  so  weak- 
ened the  union  that  it  became  less  effective  than  it  had 
been  since  about  1890.  An  unprecedented  rehabilita- 
tion occurred  in  1933  and  1934  under  the  National  Ke- 
covery  Administration,  and  some  additional  gains  have 
been  registered  in  the  subsequent  period.  At  present, 
all  but  about  2  percent  of  the  miners  are  covered  by 
union  agreements. 

This  history  of  unionization  indicates  the  weakness 
of  attempts  to  stabilize  interdistrict  competition  and 
pricing  solely  through  the  medium  of  collective  bar- 
gaining on  an  interstate  basis.  Mines  able  to  maintain 
a  nonunion  status  usually  have  a  decided  advantage 
over  those  which  operate  under  a  union  agreement. 


■>  Supreme  Court  of  the  United  States,  Brief  for  Oovemment  Officers, 
respondents  in  No.  €36  and  petitioners  in  No.  651  (Carter  Coal  Case), 
October  Term,  1935,  p.  41. 

^Ibid.,  p.  41. 

'Ibid.,  p.  49. 


There  are  always  some  operators  who  ply  this  advan- 
tage to  the  limit  and  who  eventually  force  other  opera- 
tore  to  use  strenuous  measures  to  defend  their  competi- 
tive position.  The  result  is  strife,  bloodshed,  and  bit- 
terness, not  because  of  a  desire  on  the  part  of  most 
operators  to  use  oppression,  but  because  such  tactics 
become  the  only  means  of  survival  of  enterprise.  In 
the  end,  unionization  becomes  an  inadequate  stabilizing 
force  and  may  even  aggravate  the  instability  existing 
otherwise,  as  it  did  in  the  period  from  1922  to  1927. 
Unionization  under  governmental  sponsorship  may 
yield  a  more  effective  control,  altliough  practically  it  is 
almost  impossible  to  place  all  operators  on  an  equal 
footing  with  respect  to  wage-rate  levels.  Lack  of  rep- 
resentation of  consumer  interests  and  possible  continua- 
tion of  cutthroat  competition  are  further  objections. 
It  must  be  recognized  that  no  group  has  a  monopoly  on 
remedies;  on  the  contrary,  an  equitable  representation 
of  all  interests  is  essential  to  balanced  development. 

Widespread  demands  for  Federal  intervention  in 
the  coal  industry  were  made  before  the  Woi'ld  War. 
The  Bureau  of  Mines,  for  example,  was  created  largely 
because  of  popular  remorse  at  a  disastrous  mine  ex- 
plosion in  1907.  Tliousands  of  pages  of  congressional 
hearings  have  been  taken  from  time  to  time  on  various 
phases  of  the  coal  industry.  In  1913  more  than  2,000 
pages  of  testimony  were  taken  in  Senate  hearings  on 
conditions  in  the  Paint  Creek  district  of  West  Vir- 
ginia.' Congressional  hearings  were  held  in  1914  on 
conditions  in  the  coal  mines  of  Colorado;  in  1917  on 
coal-price  regulation ;  in  the  same  year  and  in  1918  on 
the  causes  of  shortages  of  coal;  in  1919  and  1920  on 
price  increases;  in  1920  and  1921  on  coal  transporta- 
tion; in  1921  on  labor  conditions  in  the  coal  fields  of 
West  Virginia,  the  appointment  of  a  Federal  Coal  Com- 
missioner, the  publication  of  information  regarding 
ownership,  production,  distribution,  costs,  sales,  and 
profits  in  the  coal  industry,  and  to  declare  coal  produc- 
tion and  distribution  charged  with  public  interest;  in 
1921  on  wages  and  working  conditions ;  in  1926  on  pro- 
posed coal  legislation;  in  1928  on  conditions  in  the  coal 
fields  of  Pennsylvania,  West  Virginia,  and  Ohio;  in 
1929  on  a  bill  to  regulate  interstate  and  foreign  com- 
merce in  bituminous  coal,  provide  for  consolidations, 
mergers,  and  cooperative  marketing,  require  the 
licensing  of  coal-mining  companies,  and  create  a  bitu- 
minous coal  commission ;  in  1932  on  similar  bills.  Fed- 
eral coal  acts  passed  in  1935  and  1937  were  both  pre- 
ceded by  extensive  hearings. 

During  the  World  War,  the  Federal  Government 
ventured  into  the  actual  regulation  of  the  coal  indus- 
try. Under  the  Food  and  Fuel  Control  Act  (the 
so-called    Lever    Act,    passed    August    10,    1917)    the 


'Zftid.,  p.  15. 
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President  was  griveii  authority  to  fix  coal  prices,  control 
production,  distribution,  and  storage  of  coal,  and  to  es- 
tablish a  monopolj-  of  purchase,  sale,  and  distribution 
of  coal.  The  United  States  Fuel  Administration  was 
created  to  handle  the  administration  of  the  fuel  provi- 
sions of  the  act.  The  objective  of  the  act  was  not 
stabilizatioii  of  the  industry,  but  establishment  of  rea- 
sonable prices  and  control  of  the  coal  supply  incident 
to  the  prosecution  of  the  war.  Nevertheless,  experience 
in  the  problem  of  regulation  of  the  coal  industry  was 
gained.  Some  of  this  experience  has  been  valuable  in 
indicating  the  possibilities  and  shortcomings  of  Fed- 
eral regulation,  particularly  with  regard  to  relation- 
ships developed  between  the  industry  and  the 
regulatory  bodj',  and  with  regard  to  the  problem  of 
administration  involved  in  enforcing  compliance  with 
provisions  intended  to  yield  only  generalized  control 
lather  than  intervention  in  tlie  detailed  managerial 
problems  of  coal  production. 

Experience  in  Other  Nations 

Regulation  of  coal  in  tiie  United  States  is  by  no 
means  witliout  pai'allel  among  the  nations  of  the 
world.  Quite  the  contrary,  regulation  of  some  sort, 
much  of  it  more  drastic  than  that  introduced  in  the 
United  States,  has  been  introduced  in  every  major 
coal-producing  country  and  in  nearly  all  minor  pro- 
ducing countries  as  well.' 

The  bulk  of  the  world's  coal,  of  course,  is  produced 
in  the  United  St-ates  and  Europe.  In  1936  the  United 
States  produced  34.4  percent  of  the  world  output  of 
coal.  Great  Britain  18.1  percent,  and  Germany,  includ- 
ing the  Saar,  16.1  percent."  These  three  countries  com- 
bined accounted  for  67.7  percent  of  the  world  total. 
The  Soviet  Union  produced  8.7  percent  and  France  3.6 
pei'cent.  The  five  leaders,  as  a  group,  mined  80.0  per- 
cent, or  four  out  of  five  tons,  of  all  coal  produced. 

In  Great  Britain,  the  second  largest  producer,  con- 
trol of  the  industr}'  is  based  on  Part  I  of  the  Coal 
Mines  Act  of  1930,  as  amended.  The  control  includes 
regulation  and  facilitation  of  market  sharing,  cen- 
tralized selling,  and  price  maintenance.'"  Germany 
has  evolved  regulation  of  the  coal  industry  through 


'A  discussion  of  social  control  measures  for  coal  adopted  In  Europe 
is  presented  by  Lewis  L.  Lonvin  and  Arthur  Wubnig  in  pt.  four,  sec.  IV, 
ch.  2,  this  volume. 

*  Report  of  the  Intern.Ttional  Labour  Office.  Technical  Tripartite  Meei- 
inij  nf  t)w  Coal-ilining  Industry,  Geneva,  May  193S,  "Part  1.  Economic 
Conditions,"  p.  04.  In  the  data,  lignite  is  converted  to  equivalent  coal 
units. 

'"Mines  Department.  Great  Britain,  "Organization  of  the  Production 
and  Distribution  of  Coal."  Third  World  Poxcer  Conference,  Washing- 
ton. 19-36.  sec.  11.  Paper  No.  4-A,  (conference  proof)  pp.  4—8.  Also 
George  W.  Strasser,  The  Effects  upon  Operating  E/Jiciency  of  the  British 
Experiment  in  Production  Control  in  the  Coal  Industry,  National  Re- 
sources Committee.  Washington.  January  13.  193G. 


the  cartel  system,  and,  of  course,  the  tendency  has  been 
toward  strict  regimentation  under  the  totalitarian  re- 
gime. State-owned  mines  in  1934  produced  17  percent 
of  the  coal."  In  the  same  year  all  the  coal  from  the 
Saar  and  80  percent  of  that  from  Lower  Saxony  came 
from  state  mines.  Control  of  coal  mining  in  Russia 
is  far  different  from  that  in  Germany,  even  though 
strict  control  is  a  part  of  each  program.  Whereas 
most  of  the  production  in  Germany  is  under  a  govern- 
mentally  regimented  private  system,  that  in  Russia  is 
under  state-owned  properties  operated  as  state  trusts. 
Coal  reserves  in  France  are  part  of  the  public  domain. 
They  have  been  given  as  "concessions"  in  perpetuity 
bj'  the  state  under  the  basic  law  of  1810.'=  The  law 
of  1919  provides  for  the  making  of  new  concessions 
for  a  99-year  period.  The  concessions  are  bought  and 
sold  substantially  the  same  as  other  property.  Govern- 
mental regulation  in  France  provides  for  fixing  of 
maximum  prices  of  coal,  quota  limitations  for  imports 
of  coal,  zoning  of  the  market,  amalgamations  for  mar- 
keting, and  agreements  with  foreign  mines  for  the 
maintenance  of  reasonable  price  levels. 

Japan  controls  the  coal  industry  under  a  cartel  sys- 
tem similar  to  that  of  Germany.'-'  Nearly  all  the  coal 
reserves  in  Holland  are  owned  by  the  state,  which  pro- 
duces about  70  percent  of  tlie  coal  taken  from  domestic 
mines.  In  Norway  all  production  and  shipment  of 
coal  is  handled  by  jnivate  enterprise,  but  the  Nor- 
wegian Government  has  made  extensive  loans  to  the 
private  companies.  Coal  production  and  coal  prices 
in  the  Union  of  South  Africa  are  not  regulated  by 
the  Government;  nevertheless,  grading  of  the  coal  is 
required  and  safety  provisions  are  imposed.  The 
Czechoslovakian  Government,  in  the  period  before  its 
demise,  owned  some  mines  which  accounted  for  6.5 
percent  of  the  bituminous  coal  and  16  percent  of  the 
lignite  production.  Laws  regulating  mining  provided 
that  beds  thinner  than  45  centimeters  (about  18  inches) 
could  be  left  standing  only  with  permission  of  the 
authorities,  and  top  beds  were  required  to  be  worked 
before  those  underneath.  Conservation  of  coal  re- 
sources has  reached  an  advanced  stage  in  Hungary, 
where  reserves  are  small;  although  there  are  no  cartels, 
the  Government  fixes  prices  for  lump  coal.  Seven  to 
eight  percent  of  the  Hungarian  coal  production  is  from 
state  mines.     In  Bulgaria  the  Govermnent  has  taken 


"  I.  E.  G.  Kncpper.  "Organization  of  the  Production,  Processing,  and 
Distribution  ot  German  Coal  and  Coal  Products,"  Third  World  Power 
Conference.  Washington,  193G,  sec.  II,  Paper  No.  4,  pt.  1,  (conference 
proof)   p.  42. 

"  H.  de  Peyerlmhoff.  "Organization  of  Coal  Production  and  Distribu- 
tion in  France."  Third  World  Poxcer  Conference,  Washington,  1936,  sec. 
II.  Paper  No.  4,   (conference  proof)  p.  3. 

Tor  information  on  regulation  in  countries  not  ranked  among  the 
first  five  in  production,  see  various  papers  presented  at  the  Third  World 
Power  Conference,  Washington,  1936. 
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over  most  of  the  coal  mining,  and  state-owned  mines 
produce  80  percent  of  the  total. 

Thus  a  reconnaissance  of  foreign  efforts  at  regulation 
of  the  coal  industry  reveals  a  variety  of  methods,  but 
regulation  is  a  part  of  nearly  all  the  programs,  and 
highly  develojjed  systems  are  found  among  the  leading 
coal-2)roducing  countries.  A  significant  portion  of  the 
coal  pi-oduction  in  foreign  countries  is  from  state- 
owned  mines,  and  additional  quantities  are  mined  from 
state-owned  reserves  leased  to  private  companies. 

Factors  Involved  in  Public  Policy 
toward  the  Coal  Industry 
in  the  United  States 

Foreign  experience  in  control  of  the  coal  industry 
does  not  indicate  an  inevitable  course  in  the"  United 
States,  but  it  is  useful  in  showing  problems  and  possi- 
bilities. 

Where  a  nonrenewable  resource  is  absolutely  essen- 
tial to  maintenance  of  the  customary  standard  of  liveli- 
hood, public  interest  is  certain  to  be  aroused  by  waste- 
fulness and  poor  coordination  of  production.  In- 
dustry in  the  United  States  is  founded  on  the  wide  ap- 
jjlication  of  technical  processes  energized  by  an  abun- 
dant power  supply.  Exhaustion,  or  even  growing 
scarcity,  will  have  serious  consequences.  Those  who 
condone  wasteful  and  inefficient  practices  often  contend 
that  technicians  somehow  will  solve  the  problem  of 
shortage.  The  real  question,  however,  is  whether  the 
best  possible  solution  is  found.  Every  technical  process 
is  only  a  means  for  utilizing  resources  already  avail- 
able in  a  somewhat  concentrated  form.  Coal,  as  an  ex- 
tremely concentrated  source  of  energy,  holds  high 
promise  for  technical  advance  in  utilization. 

The  prospects  of  the  energy  supply  are  regarded  in 
a  pessimistic  light  in  many  quarters.  This  pessimism 
is  warranted  only  if  a  policy  of  wastefulness  and  poor 
utilization  is  sanctioned.  Under  rational  use  of  coal, 
the  possibilities  for  future  advancement  are  almost 
boundless. 

From  the  standpomt  of  conservation  alone  the  case 
is  clear;  government  ownership  and  operation  of  coal 
mines  could  enforce  the  highest  attainable  standards 
of  extraction.  If  necessary,  cost  considerations  could 
be  disregarded  to  permit  mining  of  the  last  ton  of  coal 
in  the  mine,  an  action  analogous  to  the  disregard  of 
costs  by  the  Postal  Department  in  maintaining  service 
for  out-of-the-way  places  to  promote  national  unity 
and  development.  On  the  other  side  is  the  fact  that 
an  intricate  system  of  rights  to  coal  reserves  has  been 
develoijed.  Traditions  and  existing  circumstances  are 
the  starting  point  for  future  policy.  The  transition 
from  private  development  of  coal  reserves  to  nationali- 


zation would  require  a  complete  reconstruction.  The 
price  to  be  paid  for  the  best  reserves  would  make  them 
dear  indeed,  whereas  it  does  not  appear  desirable  as  a 
general  policy  to  make  government  a  dumping  ground 
for  resources  not  wanted  privately.  A  further  consid- 
eration is  that  coal  reserves  not  yielding  a  current  in- 
come are  not  a  social  burden,  but,  should  they  be  pur- 
chased publicly  with  interest-bearing  bonds,  they  would 
become  a  fixed  charge. 

Were  coal  reserves  in  the  United  States  sufficient  for 
only  a  few  decades,  the  argument  for  nationalization 
would  be  reinforced.  In  fact,  scarcity  of  reserves  is  the 
chief  supporting  argument  in  the  British  plan  of  na- 
tionalization recently  adopted.  In  the  United  States 
a  somewhat  parallel  situation  exists  only  in  the  Penn- 
sylvania anthracite  region  ^*  and  in  a  few  of  the  older 
bituminous  coal  fields.  In  most  of  the  bituminous  coal 
and  lignite  areas,  however,  there  is  no  urgent  need  for 
such  drastic  action. 

An  Integrated  Policy 

Public  interest  in  coal  is  focused  on  two  major  prob- 
lems: (1)  balanced  utilization  of  coal  resources,  and 
(2)  minimization  of  waste.  Regulation  of  the  coal 
industry  is  not  itself  an  ultimate  goal.  It  is  an  over- 
head item  whose  existence  is  warranted  only  because 
of  faulty  coordination  of  enterprise.  The  objective  is 
to  maintain  the  highest  degree  of  freedom  of  utiliza- 
tion of  coal  reserves,  subject  only  to  restraints  needed 
to  guard  valid  social  claims.  The  degree  of  control 
necessary  depends  on  the  record  of  the  industry  with 
regard  to  operating  performance  and  conservation  of 
reserves  and  on  the  scale  of  effect  of  the  increasing 
depletion  of  reserves.  Anyone  who  has  carefully  stud- 
ied the  coal  industry  must  be  impressed  by  the  com- 
plex mixture  of  accomplislunents  and  shortcomings  ex- 
isting in  the  past.  To  envisage  the  future  as  one  of 
harmony  and  achievement  under  a  simple  plan  of 
either  regulation  or  nonregulation  is  grossly  to  over- 
simplify the  problem. 

In  the  coal  industry  there  is  a  place  for  private,  re- 
gional, and  national  action.  It  is  desirable  to  retain 
the  initiative  and  driving  force  of  private  enterprise  in 
the  coal  industry,  but  enterprisers  must  realize  that 
they  are  exercising  a  stewardship  over  irreplaceable  re- 
sources of  vital  interest  to  the  general  welfare.  And 
government  must  be  concerned  with  the  serious  task  of 
directing  such  operation  in  socially  useful  ways.  In- 
sofar as  actions  are  subject  to  the  checks  of  competing 
sources  of  energy,  regulation  cannot  have  a  free  hand. 


"  The  Anthracite  Coal  Industry  Commission  in  Pennsylvania  believes 
that  purchase  of  surplus  anthracite  reserves  would  be  profitable  to  the 
State.  See  Commonwealth  of  Pennsylvania,  Report  of  the  Anthracite 
Coal  Industry  Comtnission,  Harrisburg,  July  30,  193S,  p.  12. 
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A  coal-pricing  policy,  for  example,  may  encourage 
greater  use  of  oil  and  gas,  perhaps  wastefully,  to  the 
extent  that  coal  production  will  decline  drastically, 
thereby  bringing  disruption  and  unemployment  to  the 
industry.  Tlie  coal  industry  has  not  functioned  well, 
but  it  is  not  on  the  road  to  extinction.  The  prospects 
are,  instead,  that  it  will  recuperate  as  soon  as  oil  and 
gas  reserves  begin  to  fall  short  of  meeting  the  demand. 
When  this  shortage  will  occur  depends  on  discoveries 
of  oil  and  gas  and  on  their  rate  of  use.  All  current 
information  points  to  exhaustion  of  oil  and  gas  long 
before  coal  reserves  are  depleted.  An  integrated  pro- 
gram I'equires  that  utilization  of  energy  take  into  ac- 
count the  relative  scarcity  of  reserves.  In  this  con- 
nection, danger  exists,  not  only  of  a  short-lived  boom 
ill  oil  and  gas  consumption  followed  by  a  painful  re- 
versal, but  also  of  an  over-rapid  depletion  of  the  best 
and  most  accessible  coal  reserves.  Policies,  both  pri- 
vate and  public,  therefore,  should  work  in  the  direc- 
tion of  greater  concentration  on  those  portions  of  the 
coal  reserves  that  are  most  abundant. 

In  addition  to  interfuel  competition,  there  is  regional 
competition  within  the  coal  industry  itself.  The  effect 
of  this  regional  competition  is  to  defeat  almost  any 
State  action  that  imposes  on  the  industry  a  standard  of 
pei'formance  not  counterbalanced  in  competing  States. 
Advantages  inhere,  nevertheless,  in  certain  forms  of 
decentralized  public  control — advantages  such  as  sim- 
plified administration,  closer  contacts,  and  specialized 
skill.  In  the  past  States  have  exercised  some  control 
over  the  coal  industry.  In  general  the  functions  re- 
tained at  the  present  lime  may  confimie  to  be  handled 
by  the  States.  Mapping  of  reserves  of  coal,  coordina- 
tion of  mine  workings,  prevention  of  flagrant  forms  of 
waste,  education  on  local  details  of  conservation,  re- 
search adapted  to  local  needs  of  coal  resources,  inspec- 
tion of  mines,  procedures  for  the  settlement  of  conflicts 
between  the  operator  and  the  surface-land  owner,  espe- 
cially where  exaggerated  claims  have  been  the  rule,  are 
functions  that  States  may  perform. 

The  broad  features  of  a  program  of  conservation 
and  rational  utilization  must  be  administered  by  the 
Federal  Government  for  the  reason  that  coal  is  a 
national  problem.  Coal  is  shipped  without  regard  to 
State  or  local  boundaries;  consequently,  a  necessity 
exists  for  unified  action  to  prevent  regional  inequali- 
ties. Pricing,  trade  practices,  coordination  of  produc- 
tion and  consumption,  information  on  production  and 
marketing,  labor  relationships,  wage  standards,  social 
security,  safety  standards,  stabilization,  interfuel  com- 
petition, relationships  to  transportation,  foreign  trade, 
strategic  development  Muth  regard  to  national  defense, 
and  concerted  attack  on  wastage  of  reserves  demand 
Federal  attention.     All  these  factors  have  come  before 


the  Federal  Government,  and  in  some  of  them  a  con- 
siderable measure  of  regulation,  already  has  been  in- 
troduced. 

A  broad-gauged  approach  to  control  of  the  coal  in- 
dustry under  Federal  auspices  Avas  attempted  under 
the  National  Industrial  Recovery  Act  passed  in  June 
1933."^  Codes  establislied  under  the  act  were  required 
to  comply  with  the  provisions  of  the  act,  but  otherwise 
they  were  privately  determined.  Although  the  codes 
were  privately  administered,  they  had  the  force  of  law 
in  so  far  as  they  rested  on  Federal  authority  to  regu- 
late the  industry.  Codes  were  adopted,  not  only  for 
bituminous  coal  and  anthracite  production,  but  also 
for  associated  industries  such  as  the  retail  solid  fuel 
industry,  wholesale  coal  industry,  coal  dock  industry, 
coal  mine  loading  machine  industry,  coal  cutting  ma- 
chine industry,  and  mine  car  manufacturing  industry. 
The  codes  remained  in  force  until  the  act  was  declared 
unconstitutional  by  the  Supreme  Court  in  May  1935. 
Tliis  semigovernmental  regidation  was  succeeded  by  a 
more  direct  Federal  regulation  under  the  Bituminous 
Coal  Conservation  Act  of  193.5  passed  in  August  of 
that  year.  The  act  was  in  force  only  until  May  1936, 
when  it  too  was  invalidated  by  the  Supreme  Court. 
Currently  the  industry  is  operating  under  the  act 
passed  in  April  1937,  entitled  the  "Bituminous  Coal 
Act  of  1937." 

The  Federal  Government  has  undertaken  to  bring 
order  to  the  bituminous  coal  iiidustry  largelj-  through 
the  medium  of  minimum  prices.  The  concept  and  cir- 
cumstances of  regulation  of  the  industry  should  not 
be  confused  with  those  involved  in  regidation  attempted 
elsewhere.  In  manj'  respects  the  principles  applied 
under  the  Coal  Act  of  1937  are  unique.  It  is  an  error 
to  assume  that  the  features  of  public  utility  regulation 
apply  with  full  force,  or  that  the  competitive  idea  is 
forsaken.  Whereas  public  utilities  are  seldom  com- 
petitive within  the  service  provided  and  the  areas 
served,  coal  companies  are  competitive  w'ith  regard  to 
both  features.  The  idea  of  a  fair  return  on  a  fair 
value  of  i)roperty  applied  to  public  utilities  is  inap- 
plicable under  the  Coal  Act.  The  act  does  not  purport 
to  guarantee  a  satisfactory  return  for  every  enterprise. 
It  is  intended  to  guarantee  an  even  break  to  a  company 
with  average  costs  in  each  large  designated  area.  It 
merely  places  a  floor  below  which  the  average  level  of 
prices  is  not  permitted  to  fall.  In  an  industry  that 
is  not  expanding,  it  is  not  necessary  to  reinvest  earn- 
ings to  finance  extensions  or  to  attract  outside  capital 
beyond  the  amount  taken  out  of  the  industry.  Roy- 
alties and  depreciation  are  allowed  under  the  act  as 
part  of  the  cost  of  operation.     Separation  of  reserves 


"A  detailed  discussion  ot  recent  regulation  of  the  coal  industry  is 
presented  in  pt.  four,  sec.  IV,  cli.  1.  tliia  volume. 
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of  coal  from  the  operating  companies  accordingly  will 
increase  the  allowable  cost.  Actually  some  outside  cap- 
ital will  be  drawn  to  the  industry,  especially  by  com- 
panies whose  costs  ,are  below  the  average.  And  some 
investment  loss  will  be  taken  directly  or  thi'ough  reca- 
pitalization of  high-cost  companies. 

Full  measure  of  competition  applies  above  the  mini- 
mum level  of  prices  for  coal.  As  long  as  this  competi- 
tion exists  eagerness  to  attract  business  by  price  cutting 
will  persist.  An  operator  has  the  privilege  of  selling 
coal  in  competition  with  any  other  producer  in  the 
United  States  at  or  above  the  prescribed  minimum 
price. 

The  cost  principle  of  minimum-price  regulation  has 
little  chance  of  success  if  it  is  applied  to  individual 
concerns.  The  Coal  Act  does  provide  for  this  type  of 
regulation.  Minimum  prices  are  not  a  "cost-plus  con- 
tract" for  individual  producers.  They  are  intended  to 
set  minimum  levels  applicable  to  all  companies,  high- 
cost  and  low-cost  producers  alike,  in  each  minimum- 
price  area.  Thus  therei  are  rewards  for  improvement 
of  efficiency  by  individual  companies. 

Some  variation  of  costs  with  the  business  cycle  will 
exist.  Better  utilization  of  capacity  will  distribute 
fixed  costs  (those  that  must  be  met  irrespective  of  out- 
put) over  a  larger  tonnage  and  therefore  reduce  the 
average  cost  per  ton  on  which  the  minimum  prices  are 
based.  Industries  with  large  fixed  costs  find  that  costs 
per  unit  vary  inversely  with  output.  Fortunately  costs 
in  the  coal  industry  do  not  show  this  inverse  variation. 
Wages,  outlays  for  supplies,  royalties,  selling  expenses, 
expenditure  for  mine  power,  and  even  allowances  for 
depreciation  and  depletion  vary  almost  in  proportion 
to  outjiut.  Wages  are  usually  at  least  60  percent  of 
the  total  cost,  and  the  other  variable  items  probably 
bring  the  total  variable  costs  to  80  or  90  percent  of  all 


costs.  Moreover,  the  cyclical  fluctuation  in  prices  on 
items  of  purchase  will  act  as  a  stabilizer  of  unit  costs, 
or  it  may  actually  lead  to  lowering  costs  in  depression 
and  raising  them  in  prosperity.  In  general  it  appears 
that  the  average-cost  principle  is  a  feasible  basis  for 
regulation  of  the  coal  industry,  although  it  may  be 
inai^plicable  to  other  industries. 

Should  costs  in  the  coal  industry  be  found  to  fluctu- 
ate too  much  to  provide  a  stable  basis  for  minimum 
prices,  an  average  over  a  period  of  years  may  need  to 
be  used.  In  this  event  variations  in  unit  costs  result- 
ing from  changes  in  the  operating  rate  may  need  to  be 
differentiated  from  variations  resulting  from  alteration 
of  wage  rates  and  prices  for  power,  supplies,  equip- 
ment, and  other  items  of  expenditure.  These  are  fac- 
tors that  will  require  observation  under  actual  ex- 
perience. 

In  the  regulation  of  any  industry  there  is  the  ques- 
tion of  evasion  and  short-circuiting.  Numerous  well- 
intended  plans  have  been  shattered  on  this  rock. 
Secret  transactions,  underclassification,  and  overweight- 
ing are  some  of  the  devices  used.  Such  tactics  are  dif- 
ficult to  apply  in  the  coal  industry  for  the  reason  that 
most  of  the  coal  is  shipped  by  common  carrier  and 
many  of  the  wage  rates  also  are  based  directly  on  ton- 
nage. Irregularities  in  records  should  be  relatively 
easy  to  detect. 

The  Federal  ^Ji'ogram  for  regulation  of  the  bitu- 
minous coal  industry  presents  numerous  favorable  as- 
pects. The  chief  unfavorable  featiu'e  is  the  gigantic 
size  of  the  administrative  problem  until  preliminary 
procedures  are  completed.  Because  of  this  problem, 
further  burdens  should  not  be  imposed  immediately. 
Progress  toward  an  integrated  energy-resources  policy, 
however,  should  continue  as  rapidly  as  the  regulatory 
machinery  will  permit. 


CHAPTER  6.— PROPOSALS  FOR  COAL  CONSERVATION 


Promotion  of  conservation  and  rational  utilization 
of  coal  is  important  because  (1)  coal  is  a  basic  neces- 
sity for  production  of  power,  heat,  and  thousands  of 
commodities  using  carbon  either  in  nearly  pure  form 
or  in  combination  with  other  elements  and  (2)  re- 
sources of  coal  are  nonrenewable.  That  the  pace  of 
industry  in  the  United  States  has  been  accelerated  to 
a  higher  rate  than  in  other  countries  is  undoubtedly  due 
in  no  small  degree  to  the  enormous  bonus  of  coal  re- 
serves favorably  situated  for  extraction  and  trans- 
portation to  the  major  consuming  centers.  These  re- 
serves need  to  be  guarded.  But  conservation  does  not 
connote  preservation  by  prohibiting  the  use  of  coal 
for  current  needs;  it  means,  instead,  getting  maximum 


results  from  what  is  available — more  units  of  useful 
work  from  every  ton  of  reserves.  Wastes  may  or  may 
not  be  avoidable,  and  unanimity  of  opinion  on  the  de- 
gree of  avoidability  cannot  be  attained.  Those  who 
find  wasteful  production  or  wasteful  use  profitable  are 
not  likely  to  be  advocates  of  conservation,  even  though 
the  waste  be  detrimental  to  the  interests  of  the  Nation 
as  a  whole.  On  the  other  hand,  it  is  improper  to 
assume  that  a  practical  standard  of  operation  can  reach 
theoretical  perfection  in  conservation.  Any  program 
of  action  must  take  into  account  at  the  outset  existing 
conditions  in  the  industry  and  existing  means  for  uti- 
lization as  well  as  available  means  for  direction  and 
control.    These  factors  have  been  reviewed  in  preced- 
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ing  cliaptcrs.  la  the  present  chapter,  suggestions 
bearing  on  general  questions  of  policy  are  brought  to- 
gether. 

Authority  for  Regulation 

Coal  resources,  it  should  be  observed,  are  distributed 
among  31  States,  and  coal  consuniiJtion  takes  place  in 
every  State  as  well  as  in  coastwise  and  foreign  trade. 
In  the  past,  coal  operators  and  State  and  local  govern- 
ments have  shown  a  singular  inability  to  deal  with 
jiroblenis  of  disorganization  and  waste  in  the  industry. 
In  general,  too  many  elements  are  beyond  the  reach 
of  these  organizations  to  enable  them  to  take  construc- 
tive action.  There  is  also  insullicient  incentive  for  co- 
operation through  the  medium  of  State  compacts.  In 
tlie  main,  coal  is  a  national  pi-obleni,  and  therefore  the 
only  public  body  capable  of  coping  with  the  problem 
is  the  Federal  Government. 

Several  aspects  of  the  power  of  the  Federal  Govern- 
ment might  bear  on  regulation  of  the  coal  industry. 
The  interstate  commerce  provision  of  the  Constitution 
applies  at  least  to  all  coal  shipped  in  interstate  chan- 
nels. About  3  out  of  every  4  tons  produced  enter  di- 
rectly into  interstate  commerce,  or  they  are  used  as  fuel 
by  railroads  subject  to  the  jurisdiction  of  the  Interstate 
Commerce  Commission.  Moreover,  Supreme  Court  de- 
cisions in  1937  and  1938  have  followed  the  Minnesota, 
the  Shreveport,  and  tl>e  Wisconsin  case  decisions,^  orig- 
inally applied  to  railroads,  as  a  basis  for  extending  to 
business  generally.  Federal  jurisdiction  over  intrastate 
commerce  when  such  commerce  burdens  or  obstructs  in- 
terstate commerce.  It  seems  clear  that  these  rulings 
aj)ply  in  so  far  as  coal  is  an  item  of  trade,  but  some 
importance  also  attaches  to  tiie  fact  that  coal  enters  into 
tlie  production  and  transportation  of  products  which  in 
turn  are  items  of  trade  among  the  States  or  with 
foreign  countries. 

Second,  Federal  jurisdiction  arises  from  tlie  power 
to  provide  for  the  common  defense.  World  powers 
today  are  all  large  consumers  of  coal.  World  War  ex- 
periences indicated  the  critical  significance  of  coal  in 
such  national  emergencies.  Besides  this  direct  appli- 
cability in  emergencies,  there  is  the  further  fact  that 
common  defense  in  actuality  is  also  a  matter  of  long- 
term  improvement  and  maintenance  of  industrial 
strength.  Coal  plays  an  important  part  in  the  high 
productivity  needed  to  uphold  the  position  of  the 
United  States. 

Third,  the  Federal  taxing  power  may  be  used,  within 
limits,  to  effect  better  operation  and  conservation.  A 
refundable  tax  of  I91/2  percent  on  bituminous  coal  is 
included  in  the  Bituminous  Coal  Act  of  1937.     The 


tarirt'  also  has  been  applied  as  a  measure  of  control, 
although  all  imports  of  bituminous  coal  have  been  ad- 
mitted duty-free  in  1935  and  subsequent  years.-  Part 
of  the  anthracite  and  coke  imports,  however,  have  been 
subject  to  the  tariff. 

Fourth,  the  rule  of  reasonableness  enunciated  by  the 
Supreme  Court  in  1911  in  cases  involving  the  Sherman 
Antitrust  Act  ^  was  reaffirmed  in  the  Appalachian 
Goals  case,*  decided  in  1933.  Subsequently,  the  idea 
of  the  degree  of  Federal  interest  has  been  introduced.' 
This  late  shift  in  the  trend  of  decisions  very  likely 
indicates  broadening  of  the  rule  of  reasonableness  in 
the  direction  of  enabling  the  Federal  Government  to 
take  more  positive  action.  Democratic  government  by 
nature  requires  a  degree  of  freedom  to  accommodate 
legislation  to  the  general  welfare.  Provision  for  the 
general  welfare  seems  to  have  been  accepted  as  a  mat- 
ter of  course  when  the  Constitution  was  drafted,  being 
written  into  the  preamble  as  an  oljjective  of  the  entire 
plan.  But  difficulties  to  be  encountered  in  application 
of  the  idea  were  not  fully  anticipated.  Since  1789  the 
Nation  has  undergone  a  transformation  from  yoiitli  to 
maturity.  Superabundance  in  resources  lias  been  sup- 
planted at  many  points  by  threatening  inadequacies. 
The  pr(il)lein  of  conquering  vast  undeveloped  areas  has 
gratlually  given  way  to  that  of  conservation  of  re- 
sources already  possessed,  resources  subject  to  the  un- 
renutting  up[)r<)ach  of  depletion  and  ultimate  exhaus- 
tion. Irrei)laceable  coal  reserves,  which  supply  more 
than  half  the  total  energy  resources,  affect  the  general 
welfare  witii  more  than  ordinary  force.  It  should  be 
emphasized  that  exhaustion  of  coal  resources  will  not 
be  a  convulsive  development.  Accordingly,  the  need 
for  continuous  adaptation  of  public  policy  is  obvious. 
The  need  also  is  uigent,  owing  to  inability  to  rectify 
damages  after  they  have  occurred.  Injury  of  irrepar- 
able character  is  a  weighty  factor  in  legal  decisions, 
particularly  in  injunction  suits,  and  such  injui-y  to  coal 
reserves  is  a  matter  of  concern  not  only  to  particular 
groups  but  to  the  entire  Nation. 

In  general,  tliere  appears  to  be  little  reason  to  be- 
lieve that  the  jurisdiction  of  the  Federal  Government 
is  mucli,  if  any,  sliort  of  that  required  for  direction 
and  control  conunensurate  with  national  dependence 
on  coal  production  and  use.  Tlie  existence  of  permis- 
sive power,  however,  does  not  settle  the  question  of 
what  should  be  done.  Steps  actually  taken  should  arise 
out  of  genuine  needs.     Suggestions  for  a  coordinated 


» Respectively  230  D.  S.  352   (1912).  234  U.  S.  342   (1914),  and  257 
IJ.  S.  563   (1922). 


'  Special  statement  prepared  for  this  study  by  the  United  States 
Tariff  Commission. 

'StaiKtard  Oil  Co.  of  Xcio  Jersey  v.  U.  .S.,  221  V.  S.  1  (1!)]1)  ;  U.  S. 
V.  American  Tobacco  Co.,  221  U.  S.  100  (1911).  See  also  U.  S.  v.  V.  S. 
Steel  Corporation,  251  U.  S.  417   (1920). 

^Apiialarhian  Coals,  Inc.,  v.  U.  S..  288  U.  S.  344   (1933). 

^Jone.f  and  Lauiihlin  case.  301  U.  S.  37  (1937)  ;  Consolidated  Edison 
case,  ^-.i  I.aw  Ed.  131   (1938). 
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Federal  policy  determined  from  a  study  of  the  coal 
industry  are  presented  herewith. 

Provision  of  Adequate  Information 

The  first  requirement  for  the  development  of  a  ra- 
tional coal  policy  is  availability  of  reliable  and  ade- 
quate information  for  the  formation  of  judgments. 
There  should  be  no  lowering  of  the  high  standards  es- 
tablished in  the  past,  especially  in  1917,  1918,  1923, 
1929,  and  1936.  Indeed,  it  is  desirable  to  have  better 
data  on  price  fluctuations,  types  of  equipment  used  in 
mining,  depth  and  thickness  of  workings,  waste  pre- 
vention, earnings  of  coal  companies,  new  openings  and 
abandonment  of  mines,  and  irregularity  of  operations 
among  individual  mines.  Since  the  usefulness  of  the 
information  is  determined  largely  by  how  generally 
it  is  made  available,  adequate  provision  should  be  made 
for  tabulation  and  publication.  Curtailment  of  the 
publication  fund — a  small  item  beside  the  cost  of  ob- 
taining and  assembling  the  information — is  particu- 
larly to  be  avoided. 

Coal  is  only  one  source  of  energy,  and  the  formula- 
tion of  a  comprehensive  energies  policy  must  take  into 
account  all  forms  of  energy  available.  Consequently, 
it  is  important  to  have  at  hand  information  bearing 
not  only  on  coal  but  also  on  other  forms  of  energy.  It 
is  recommended,  therefore,  that  information  on  energy 
resources  be  consolidated  more  than  it  has  heretofore. 
It  appears  desirable  to  consolidate  into  a  single  "Energy 
Resources  Yearbook,"  prepared  under  the  supervision 
of  a  central  committee,  information  collected  by  va- 
rious governmental  agencies  such  as  the  Bureau  of 
Mines,  National  Bituminous  Coal  Commission,  Geolog- 
ical Survey,  Bureau  of  the  Census,  Bureau  of  Foreign 
and  Domestic  Commerce,  Bureau  of  Labor  Statistics, 
Petroleum  Conservation  Division  of  the  Department 
of  the  Interior,  Tariff  Commission,  Interstate  Com- 
merce Commission,  Bureau  of  Standards,  Federal 
Trade  Commission,  and  Federal  Power  Commission. 
The  volume  should  contain  information  on  coal,  petro- 
leum and  natural  gas  (and  their  derivatives),  synthetic 
fuels,  and  water  power,  and  probably  also  on  electric 
power  and  other  forms  of  utilization.  Such  a  compila- 
tion would  go  a  long  way  toward  focusing  attention  on 
a  coordinated  policy.  For  many  yeai-s,  the  Geological 
Survey  and  the  Bureau  of  ]\Iines  have  distinguished  in 
their  annual  reports  between  metals  and  nomnetals. 
The  distinction  between  energy  resources  (including 
water  power)  and  inorganic  minerals  is  advisable,  not 
only  from  the  standpoint  of  the  energies  problem,  but 
also  from  that  of  "nonenergy"  organic  and  inorganic 
uses. 

Continuous  education  of  producers  on  the  best  in- 
dustrial practices  and  of  the  public  on  the  problem 


of  energy  resources  is  essential  to  progress  in  the  de- 
velopment of  a  more  enlightened  policy.  Emphasis 
should  be  placed  on  the  saving  (less  trackage,  haulage, 
and  resein'es)  involved  in  more  thorough  mining. 
Periodic  reports  of  the  progress  of  conservation 
would  create  a  keener  awareness  of  the  problem. 
States  may  be  helpful  in  drawing  attention  to  regional 
considerations. 

Administrative  Machinery  for  the 
Promotion  of  Conservation  by  Both 
Private  and  Public  Means 

Waste  of  coal  resources  cannot  be  prevented  so  long 
as  conditions  of  chaotic  operation  exist  in  the  indus- 
try. Government  ownership  and  operation  could,  by 
fiat  action,  introduce  drastic  conservation  measures. 
This  solution  seems  simple  and  obvious,  but  those  who 
advocate  nationalization  of  the  coal  industry  underesti- 
mate the  practical  difficulty  of  taking  over  millions  of 
acres  of  coal  lands,  hundreds  of  thousands  of  leases, 
and  thousands  of  operations,  as  well  as  of  establishing 
an  organization  that  could  function  efficiently  in  the 
infinitely  variable  conditions  existing  in  coal  mining. 
The  balance  of  the  argument  is  against  nationalization. 

Some  operators  have  advocated  Government  owner- 
ship of  submarginal  coal  reserves,  the  reserves  to  be 
leased  to  private  operators  when  the  coal  is  needed. 
The  difficulty  with  this  plan  is  that  it  would  place  on 
the  Government  a  heavy  burden  of  debt  against  prop- 
erty that  would  not  be  useful  for  perhaps  many 
decades.  It  would  make  Government  the  dumping 
ground  for  reserves  of  questionable  worth,  and  it 
would  tend  to  frustrate  conservation  by  encouraging 
operators  to  keep  the  best  reserves  and  to  concentrate 
even  more  than  at  present  on  mining  them.  Govern- 
ment purchase  may  well  be  considered,  however,  in 
connection  with  other  desirable  land  programs  such 
as  prevention  of  soil  erosion,  reforestation,  develop- 
ment of  parks,  and  control  of  stream  flow. 

Since  mining  of  coal  by  private  enterprise  is  fav- 
ored, a  prerequisite  for  the  promotion  of  conservation 
is  the  establishment  of  stability  in  the  coal  industry. 
It  is  believed,  however,  that  the  coal  industry,  working 
alone,  cannot  accomplish  much  toward  elimination  of 
waste,  for  the  reason  that  conservation  will  be  subordi- 
nated to  the  desire  for  more  profitable  operation.  The 
Federal  Government,  therefore,  must  take  the  initiative 
to  orient  the  industry  toward  methods  that  conserve 
the  deposits.  Experience  gained  under  the  N.  R.  A. 
and  the  Coal  Acts  of  1935  and  1937  should  be  utilized 
as  fully  as  possible.  The  National  Bituminous  Coal 
Commission,  established  under  the  1937  act,  is  the 
logical  organization  to  assume  major  responsibility  for 
conservation  and  rational  utilization.  The  need  for 
cooperation  of  the  Commission  with  other  Federal  or- 
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ganizations,  however,  is  apparent.  Work  on  technical 
research  should  remain  with  such  organizations  as  the 
Bureau  of  Mines  and  the  Geological  Survey,  which 
have  spent  years  of  time  in  developing  competent  per- 
sonnel. Likewise,  owing  to  interrelations  between  coal 
mining  and  transportation,  close  cooperation  between 
the  Coal  Commission  and  the  Interstate  Commerce 
Commission  is  necessary  for  nmtual  consideration  of 
problems. 

The  present  Coal  Act  does  not  extend  to  lignite,  de- 
fined as  coal  of  less  than  7,600  B.  t.  u.  per  pound  or  of 
more  than  30  percent  moisture.  Economically,  lignite 
should  be  subject  to  the  same  regulation  as  coal  of 
higher  rank.  Lignite  is  not  markedly  different  from 
subbituminous  coal,  declared  to  be  covered  by  the  act. 
As  long  as  only  small  amounts  of  lignite  are  mined,  of 
couree,  sei'ious  problems  are  not  likely  to  arise.  It  is 
important,  however,  to  extend  the  usefulness  of  lignite 
to  aid  in  the  conservation  of  higher  rank  fuels. 

The  most  desirable  relationship  of  the  Federal  Gov- 
ernment to  the  anthracite  industry  is  not  so  easily  de- 
termined. About  95  percent  of  the  anthracite,  includ- 
ing semianthracite,  occui"s  in  eastern  Pennsylvania. 
Unlike  bituminous  coal,  the  area  of  occurrence  is  very 
compact  and  entirely  within  the  bounds  of  a  single 
State.  Anthracite  is  mainly  a  high-grade  residential 
fuel,  whereas  bituminous  coal  is  used  predominantly 
for  industrial  purposes.  An  advanced  stage  of  deple- 
tion also  has  been  reached,  the  anthracite  reserves  being 
about  one-fourth  consumed  or  lost.  Mining  is  un- 
usually difficult  and  wastage  is  high.  Illegal  ("boot- 
leg") production  is  peculiar  to  the  anthracite  indus- 
try. In  recent  years,  total  output  of  anthracite  has 
been  only  half  as  much  as  it  was  in  the  peak  years  dur- 
ing the  World  AVar.  In  general,  the  industry  is  more 
in  need  of  regulation  than  is  the  bituminous  coal  indus- 
try. But  it  has  been  an  orphan  as  far  as  public  re- 
sponsibility is  concerned.  Neither  the  States  nor  the 
Federal  Government  have  taken  the  initiative  to  in- 
troduce controls  such  as  those  adopted  for  the  bitumi- 
nous coal  industry. 

The  small  amount  of  anthracite  outside  Pennsyl- 
vania need  not  be  treated  as  a  special  case.  Its  x'egu- 
lation  should  be  brought  within  the  scope  of  the 
National  Bituminous  Coal  Commission,  which  would 
then  be  termed  more  properly  the  National  Coal 
Conunission. 

The  Pennsylvania  Anthracite  Coal  Industry  Com- 
mission has  recommended  that  the  State  consider  fu- 
ture purchase  of  excess  anthracite  reserves  in  Pennsyl- 
vania, the  reserves  to  be  worked  later  by  private  com- 
panies under  a  leasing  arrangement.*    The  feasibility 


of  such  a  plan  depends  chiefly  on  the  price  to  be  paid 
for  tlie  reserves.  Because  of  compactness  of  the  area, 
single  ownership  could  do  much  to  conserve  the  re- 
sources by  promoting  unified  development  of  mining. 
It  is  not  a  matter  of  gi'eat  moment  whether  the  reserves 
are  owned  by  the  State  or  by  the  Federal  Government, 
if  the  i)lan  is  to  pay  for  the  reserves  out  of  royalties  or 
by  a  tax  on  the  industry.  Federal  ownersliip  would 
probably  effect  some  saving  of  interest  cost.  In  regu- 
lation of  the  marketing  of  the  anthracite,  the  State  is 
ahnost  lielpless  unless  monopolistic  control  of  the  mar- 
ket is  allowed  to  continue.  There  is,  of  course,  the 
competition  of  the  illegal  producere  and  of  other 
classes  of  fuels,  particularly  fuel  oil,  gas,  coke,  and 
high-grade  bituminous  coal.  Undoubtedly  a  consider- 
able share  of  the  blame  for  the  present  plight  of  the 
anthracite  industry  is  attributable  to  monopolistic  or 
quasi-monopolistic  attempts  in  the  i)ast  to  maintain 
prices  at  untenable  levels.  Much  of  the  damage  is  al- 
ready done,  but  especial  care  should  be  taken  to  avoid 
further  disruption.  In  the  event  of  failure  of  the  State 
to  act,  I  lie  need  for  conservation  of  anthracite  indicates 
that  the  Fetleral  Government  should  assume  responsi- 
bility. The  task  shoidd  be  handled  by  a  single  coal 
conunission  for  all  classes  of  coal. 

Finally,  the  entire  program  for  coal  needs  to  be  co- 
ordinated with  that  for  oil,  natural  gas,  and  water 
power.  For  this  purpose,  a  voluntary  association  of 
regulatory  bodies  is  inadequate.  Conflicts  of  interest 
are  inevitable,  and,  accordingly,  a  central  organization 
requires  some  power  of  enforcement  to  be  effective. 

Waste  in  Coal  Production 
and  Preparation 

Thus  far,  the  best  approach  to  coal  conservation  in 
the  United  States  has  been  made  through  the  leasing 
system  in  effect  for  coal  on  the  public  domain.  Oper- 
ating regulations  for  lands  leased  to  private  concerns 
provide  minimum  standards  for  waste,  safety,  and 
management  of  mines."  It  is  suggested  that  these  regu- 
lations be  made  the  basis  for  development  of  future 
public  policy  on  coal  conservation. 

The  Bituminous  Coal  Act  of  1937  is  not  directly  a 
conservation  measure.  The  Coal  Commission  is  em- 
powered to  study  the  problem,  but  otherwise  elimina- 
tion of  waste  is  entirely  optional  under  the  act.  This 
omission  of  any  provision  for  at  least  minimum  stand- 
ards of  conservation  is  considered  a  serious  weakness. 
It  is  believed  that  the  Federal  Government  should  in- 
itiate minimum  requirements  for  at  least  the  easily 


'  Commonwoalth    of    Pennsylvania,    Report    of    the    Anthracite    Coal 
Industry  Commission,  Harrisburg,  Pa.,  July  30,  1938,  pp.  12-13. 


'  U.  S.  Department  of  the  Interior,  Operating  Regulations  to  Oovern 
Coal-Mining  ^fctlwdJl  and  the  Safety  and  Welfare  of  Miners  on  Leased 
Lands  on  tlw  Public  Domain,  Under  the  Act  of  Feiruary  25,  1920^  and 
Amendments  thereto,  second  edition,  1938. 


120 


National  Resources  Cormnittee 


applied  methods  of  conservation.  A  reasonable  expec- 
tation would  be  that  the  Coal  Commission  actively 
foster  conservation  as  a  major  interest  and  compel  all 
operatoi"s,  perhaps  uzider  license,  to  submit  mine  plans 
and  accurate  maps  (required  in  some  States)  in  order 
that  suggestions  could  be  made  for  better  methods  of 
mining  and  for  unified  development  of  fields  and  so 
that,  in  the  event  of  abandonment,  a  record  would  be 
available  to  aid  in  future  planning  and  reduction  of 
waste.  Stricter  enforcement  of  mine  safety  laws  would 
eliminate  much  of  the  haphazard,  wasteful  mining. 

In  general,  coal  operators  should  be  given  as  much 
freedom  in  operation  as  can  be  allowed  without  ham- 
pering the  program  for  elimination  of  waste.  In  the 
production  of  coal,  perplexing  operating  problems  are 
encountered,  and  regulation  of  details  by  a  central 
agency  is  likely  to  result  in  lost  motion.  There  are, 
nevertheless,  certain  features  of  the  industry  that  re- 
quire concerted  action,  and  operators  left  to  themselves 
cannot  be  expected  to  achieve  the  necessary  cooperation. 

Conservation  does  not  mean  strangulation  of  the  in- 
dustry for  the  sake  of  the  future  but  rather  teamwork 
to  accomplish  what  students  of  the  problem  agree  is 
a  desirable  goal.  On  the  average,  costs  of  reasonable 
conservation  measures  are  not  exorbitant.  Some  meas- 
ures will  immediately  yield  more  than  they  cost.  Fif- 
teen to  twenty  cents  per  ton  average  additional  cost, 
if  wholly  applied  to  better  mining  and  preparation, 
could  reduce  waste  to  one-half  or  one-third  its  present 
extent. 

The  time  to  begin  conservation  is  in  the  early  stages 
oJ'  development,  when  rich  resources  are  available. 
This  is  the  reason  immediate  action  should  be  taken  to 
prevent  the  most  flagrant  wastes.  Destruction  of  com- 
mercially minable  beds  by  removal  of  coal  in  underly- 
ing beds  should  be  prohibited.  A  mining  comjDany 
should  be  required  either  to  mme  all  the  coal  of  a 
designated  minimum  thickness  or  to  leave  the  coal  in 
a  condition  suitable  for  future  recovery.  Encourage- 
ment should  be  given  to  the  development  of  machines 
for  mining  thin  beds.  Abandonment  should  be  allowed 
only  by  special  permit,  after  a  thoi'ough  check  has  been 
made  of  the  condition  of  the  reserves  to  enable  appro- 
priate action  to  be  taken  for  their  preservation. 

The  evidence  is  inconclusive  whether  subsidization  or 
a  tax  refund  system  is  advisable.  It  lias  been  observed 
earlier  that  the  greatest  gains  in  conservation  would 
accrue  from  extraction  of  coal  pillars,  panels,  and 
stumps  left  in  the  mine.  In  some  instances  this  re- 
moval could  be  xuidertaken  without  a  change  in  the 
system  of  mining ;  in  others,  introduction  of  a  different 
system,  such  as  the  longwall  system,  would  be  neces- 
sary for  practically  complete  recovery.    It  is  not  known 


how  extensively  coal  operators  will  adopt  these  methods 
voluntarily,  given  a  greater  degree  of  stability  such  as 
that  contemplated  under  the  1937  Coal  Act,  nor  is  it 
known  how  generally  new  methods  can  be  applied. 
Perhaps  a  small  tax  should  be  levied  with  the  provision 
of  a  refund  to  companies  complying  with  minimum 
standards  of  recovery.  In  this  way  the  cost  of  conser- 
vation would  be  distributed.  The  problem  needs  fur- 
ther study  to  determine  whether  the  method  can  be 
applied  uniformly  and  without  danger  of  discrim- 
ination. 

Coal  production  shows  a  considerable  seasonal  vari- 
ation. Present  wage  agreements  call  for  a  7-hour  day 
and  a  5-day  week,  but  the  amount  of  lost  time  is  large. 
It  may  be  found  advisable  to  permit  some  overtime 
work  on  a  regular  basis  during  the  active  season  of 
the  year.  Idle  facilities  would  thereby  be  reduced, 
and  operations  would  be  more  highly  concentrated. 
Both  of  these  features  would  aid  in  conservation  and 
stabilization. 

With  the  introduction  of  a  short  workday  and  work- 
week, a  new  condition  has  also  arisen  in  which  the  mine 
and  the  equipment  are  utilized  a  smaller  part  of  the 
time,  even  when  the  regular  schedule  is  followed.  Coal 
companies,  therefore,  are  forced  to  shoulder  a  heavier 
overhead  than  they  did  pi'eviously,  and  workings  are 
more  widely  scattered  and  more  difficult  to  administer. 
Multiple-shift  mining  should  be  applied  more  exten- 
sively than  it  has  been  in  the  past.*  It  is  possible,  under 
present  hours,  to  introduce  a  dual  shift  without  operat- 
ing far  into  the  night  and,  therefore,  without  greatly 
disrupting  community  life. 

Wastes  in  Processing 

Although  most  of  the  wastes  in  coking  have  been 
eliminated  by  the  use  of  efficient  byproduct  ovens, 
there  is  still  some  waste  resulting  from  the  production 
of  coke  in  beehive  ovens.  There  may  arise  in  the  future 
a  serious  pi'oblem  of  wastes  in  processing,  if  low-tem- 
perature carbonization  and  gasification  are  extended 
or  if  production  of  liquid  fuels  from  coal  is  introduced. 
Change  of  the  form  of  fuel,  particularly  to  a  liquid 
state,  is  effected  only  with  heavy  loss  of  potential  heat 
value. 

At  the  present  time  byproducts  yielded  by  the  coking 
process  are  available  in  surplus,  and,  therefore,  there 
is  a  tendency  to  waste  them.  The  development  of  a 
better  market  for  byproducts  would  be  helpful  in 
eliminatins;  these  wastes. 


'  For  a  study  of  multiple-shift  mining,  see  Albert  L.  Toenges  and 
Robert  L.  Anderson,  Multiple  Shift  Mechanical  Mining  in  Some  Bitu- 
minous Coal  Mines,  V.  S.  Bureau  of  Mines  Information  Circular  7014, 
May  1938. 
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Wastes  in  Consumption 

Economical  methods  of  coal  utilization  have  gone  a 
long  way  toward  conserving  coal  reserves.  Economy  in 
use  is  usually  directly  remunerative  to  the  consumer; 
accordingh',  coal-saving  methculs  are  being  developed 
by  private  industi-y,  although  the  average  efficiency  for 
all  steam-generating  plants  is  well  below  the  maxi- 
mum attained  by  the  best;  also  the  average  thermal 
efficiency  of  kilns,  heating  and  melting  furnaces,  and 
other  uses  of  heat  in  treating  products  is  low. 

In  some  branches  of  consumption,  notably  residen- 
tial use,  wasteful  methods  predominate.  Since  smoke 
indicates  waste,  the  murkiness  of  urban  areas  attests 
inefficiency  in  the  use  of  coal.  Automatic  stokers  are 
now  sufficiently  developed  to  eliminate  most  of  the 
smoke  emitted.  Pulverized-coal  combustion  likewise 
pennits  almost  smokeless  operation,  although  satisfac- 
tory methods  for  preventing  the  tine  asli  from  going  up 
the  chimney  have  not  been  perfected.  Use  of  coke  or 
anthracite  where  coal  firing  produces  smoke  will  solve 
the  problem.  Perhaps  when  all  costs — extra  cleaning 
bills,  detriment  to  health  and  property,  and  low  effi- 
ciency in  combustion — are  considered,  smoke  abate- 
ment is  socially  profitable. 

Coordination  of  Coal  Production 
and  Distribution 

In  terms  of  actual  cost,  transportation  of  coal  is,  on 
the  average,  about  as  important  as  production  of  coal. 
The  implication  of  this  importance  is  obvious;  regula- 
tion of  coal  mining  covers  only  half  the  problem  with 
regard  to  pricing  and  the  dynamics  of  the  market. 
The  United  States  Coal  Commission  in  192."}  reported 
inequities  in  freight  rates,  particularly  in  the  long- 
and  short-haul  relationships.  The  rate  structure  has 
added  to  the  disruption  of  the  industry  by  leading  to 
abandonment  in  some  areas  at  the  same  time  that 
additional  excess  capacity  has  been  added  in  other 
areas.  0"ing  to  the  fact  that  onh'  limited  readjust- 
ment of  freight-rate  ditl'erentials  has  taken  place  since 
1923,  the  findings  of  the  Commission  on  tliis  question 
remain  aj^plicable. 

Likewise  the  conclusion  of  the  Commission  that  mar- 
keting of  coal  was  inefficient  is  applicable  now.  Coop- 
erative marketing  through  Appalachian  Coals,  Inc., 
and  other  similar  agencies  may  be  somewhat  hel{)ful, 
but  the  agencies  are  primarily  for  private  price  control. 
By  means  of  subagencj'  contracts  with  member  compa- 
nies, the  marketing  organization  is  usually  left  sub- 
stantially the  same  as  it  was  before.  More  attention 
needs  to  be  focused  on  reduction  of  marketing  cost  and 
on  making  marketing  a  means  of  regularizing  produc- 
tion. 
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The  Federal  Government's  dealing  with  foreign 
trade  in  coal  is  deemed  satisfactory,  especially  with  the 
recent  adjustments  made  inider  the  reciprocal  trade 
agreements.  There  are  some  persons  who  contend  that 
the  Nation  should  attempt  to  remedy  the  ills  of  the 
coal  industry  by  expanding  exports  and  curbing  im- 
ports. This  plan,  unless  accompanied  by  an  expanded 
imjiort  balance  in  other  commodities,  involves  the  illog- 
ical reasoning  that  traffic  can  bo  kept  going  in  one  di- 
rection even  if  none  of  it  is  allowed  to  return.  At 
best,  gains  would  be  bought  at  a  sacrifice  of  our  own 
resources. 

Inferfuel  Policy 

Coal,  oil,  natural  gas,  and  water  power  are  keenly 
competitive  in  certain  ranges  of  the  market,  and  a  con- 
siderable measure  of  indirect  competition  also  exists. 
In  general,  it  should  be  a  matter  of  consumer  choice  to 
decide  what  type  of  fuel  is  most  desirable  for  his  par- 
ticular use.  On  tlie  other  hand,  it  nnist  be  realized 
that  conditions  arise  in  the  market  that  are  not  con- 
ducive to  the  best  utilization  of  fuel  resources.  Min- 
eral fuels  are  often  produced  in  suiJerabundance,  even 
though  the  total  quantity  of  reserves  be  sufficient  to 
last  oidy  a  few  j-ears.  The  pattern  of  fuel-resource 
utilization  needs  to  be  examined  with  a  view  to  estab- 
lishing a  better  relationship  between  current  utilization 
and  total  resources  available.  Wherever  fuels  may  be 
readily  substituted,  the  Government  should  foster  use 
of  fuel  available  in  more  abundance  for  fuel  available 
in  less  abundance.  AVater  power  is  available  substan- 
tially in  i)er[)etuity.  Coal  ranks  next  in  terms  of  abun- 
dance, whereas  oil  and  gas,  according  to  present  knowl- 
edge, are  relatively  much  less  abundant  than  coal. 
Accordingly,  there  is  a  need  to  foster  the  use  of  water 
power  wherever  the  cost  of  development  is  favorable. 

On  the  other  hand,  the  life  of  the  oil  and  gas  re- 
sources is  being  threatened  by  consumption  for  uses 
that  could  be  about  as  well  served  by  coal.  The  chief 
direct  inroads  into  the  market  for  coal  are  Ix'ing  made 
by  the  use  of  fuel  oil  for  space  heating  and  large  sta- 
tionary installations  for  power  production,  and  the  use 
of  nat  ural  gas  for  heavy-duty  industrial  purposes.  This 
utilization  should  be  discouraged  as  much  as  possible 
by  a  program  of  education,  but  it  appears,  also,  that 
additional  steps  need  to  be  taken.  Regulation  of  pipe 
lines  by  the  Federal  Government  with  a  view  to  estab- 
lishing a  quantity  rate  for  transportation  similar  to 
that  charged  coal  shippers  by  railroads  (a  tonnage 
rate)  seems  to  be  desirable.  A  tax  on  fuel  oil,  high 
enough  to  discourage  further  extension  in  consumption 
but,  at  the  same  time,  not  too  high  to  cause  severe  hard- 
ship to  present  consumers,  would  be  a  step  toward 
rational  utilization. 
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Part  of  the  responsibility  for  the  inroads  of  oil  and 
gas  lies  witli  the  coal  industry.  Excejitionally  high 
prices  for  coal  during  and  after  the  World  AVar  in- 
vited the  use  of  substitute  fuels.  In  this  connection, 
it  should  be  observed  that  increases  in  per-ton  wage 
and  other  costs  without  similar  increases  for  compet- 
ing fuels  shift  consumption  awaj'  from  coal.  The 
dilemma  of  high  rates  and  short  working  time  cannot 
be  solved  by  a  further  increase  in  costs.  Average 
hourly  earnings  of  miners  are  above  those  of  most  other 
industries,  but  average  working  time  is  shorter.^  Con- 
structive action  for  raising  the  standard  of  living 
should  be  in  the  direction  of  regularization  of  work 
and  improvement  of  environment,  rather  than  toward 
raising  the  ratio  of  coal  costs  to  costs  of  competing 
fuels. 

Technological  progress  has  also  favored  a  shift  to 
oil  and  gas.  The  best  defense  against  this  shift  is 
acceleration  of  the  technology  of  coal  consumption. 
Government  and  private  industry  should  relentlessly 
pursue  technical  research  in  coal.  There  is  at  present 
a  need  for  a  general  study  of  the  common  uses  of  coal 
to  determine  what  factors  divert  consumers'  choice  to 
other  fuels,  often  despite  higher  costs.  Millions  of 
dollars  have  been  spent  on  the  study  of  liquefaction 
and  gasification  of  coal,  but  the  greatest  gains  have 


'  See  U.  S.  Bureau  of  Labor  Statistics,  Monthhj  Labor  Review,  Novem- 
ber 1938,  pp.  1165-1174,  and  similar  information  in  other  issues. 


been  made  in  the  simpler  adaptations  to  use,  such  as 
byproduct  coking,  pulverization,  sizing,  cleaning,  and 
automatic  stoking.  Coal  promises  to  remain  a  heavy- 
duty  fuel.  In  this  tyi^e  of  use,  a  comparatively  direct 
consumption  is  essential  to  keep  costs  at  a  minimum. 
The  Nation's  long-run  total  energy  requirements  are 
increasing.  This  upward  trend,  however,  does  not 
mean  that  larger  quantities  of  coal  will  be  required. 
Technological  improvements  in  utilization  which  en- 
able coal  to  compete  with  substitute  fuels  reduce  the 
tonnage  needed.  On  the  other  hand,  lack  of  such  im- 
provements also  results  in  contraction  as  long  as  sub- 
stitute fuels  are  available  at  a  competitive  price.  The 
coal  industry,  therefore,  cannot  i^roceed  on  the  as- 
sumption that  there  will  be  an  expansion  to  remedy 
the  ills.  Increasing  mechanization  of  mines  is  reduc- 
ing labor  requirements  to  such  an  extent  that  the  in- 
dustry cannot  absorb  unemployed  miners  without  in- 
curring a  burden  that  will  further  discourage  the  use 
of  coal.  As  a  general  rule,  it  is  better  to  attempt  an 
equitable  distribution  of  the  gains  of  efficiency  than  to 
minister  to  special  needs  by  stifling  progress.  Regula- 
tion does  not  automatically  assure  desirable  conse- 
quences. The  kind  of  action  taken  is  the  decisive  fac- 
tor. Whatever  measures  of  regulation  are  adopted,  it 
is  important  that  there  be  continuous  self-criticism  and 
constructive  investigation  of  methods  and  administra- 
tion. 


PART  ONE  — SECTION  II 
THE  PETROLEUM  AND  NATURAL  GAS  INDUSTRIES 


CHAPTER  1.— THE  ECONOMIC     SIGNIFICANCE  OF  OIL  AND  GAS 

By  Glenn  E.  McLaughlin* 


Comparative  Sources  of  Energy 

During  the  past  100  j-ears  or  so  there  have  been  three 
significant  shifts  in  the  sources  of  enei'gy.  In  the  first 
place,  there  was  a  change  from  nonfnel  energy  to  me- 
chanical energy.  This  shift  took  the  I'orni  of  a  change 
from  the  use  of  wind,  water  power,  and  draft  animals 
to  the  use  of  coal,  oil,  and  gas.  The  latter  forms  of 
mineral  fuels  liave  been  used  as  indirect  sources  of  en- 
ergy; that  is,  they  have  been  made  to  do  work  by  driv- 
ing maciiinery.  In  fact,  until  tlie  middle  of  the  nine- 
teenth leiUury,  most  tran^i)ortation  on  land  was  by 
horse  »v  by  carriage,  and  most  transportation  on  water 
was  by  wind-driven  ships.  Moreovei-.  in  agriiulture 
most  of  the  power  was  supplied  by  draft  animals,  and 
in  niaaufacturing  tlie  use  of  water  power  exceeded 
power  sup])lied  by  steam  engines  until  about  1870.^ 
The  second  significant  shift  i-elates  to  the  change  in 
source  of  fuel  used  for  lieating  purposes.  Wood  was 
supi)lanted  by  coal,  and  more  recently  thei'e  has  been 
some  temlency  for  coal  to  be  supi)lanted  bj-  fuel  oil  and 
natural  gas.  The  third  shift  has  been  a  general  and 
significant  sliift  among  the  mineral  sources  of  energy 
from  coal  to  oil  and  gas,  both  as  a  means  of  driving 
machinery  and  as  a  source  of  heat.  In  1899  bitumi- 
nous and  anthracite  coal  accounted  for  89.1  percent  of 
the  total  energj-  contributed  by  mineral  fuels  and  water 
power  in  the  United  States.^  In  that  year  oil  and  gas 
accounted  for  7.7  percent  of  the  total — 4.5  percent  for 
petroleum  and  3.2  percent   for  natural  gas.     The  rise 


•Bmenu  of  Business  Research.  I'liivcrsity  (if  rittsburgli.  Some  of 
the  lIlustrntiKiis  which  are  presented  in  this  section  represent  prelimi- 
nary charts  from  u  forthcominp  report  entitled.  "Tedmology  and  Labor 
RequirtMnents  in  Petroleum  and  Natural  (ias  rroduction."  hy  O.  K. 
Kiesslins.  II.  O.  Rogers,  G.  R.  Hopkins,  and  others,  now  in  preparation 
as  a  cooperative  study  by  the  U.  S.  Bureau  of  Mines  and  the  W.  P.  A.- 
N'ational  Research  Project.  These  charts  have  been  made  available  to 
the  National  Resources  Committee  throu.gh  the  courtesy  of  J.  W.  Finch 
and  David  Weintraub,  directors,  respectively,  of  the  cooperating  agen- 
cies indicated.  They  can  be  distinguished  from  the  other  illustrations 
which  arc  included  by  the  credit  lines  acknowledging  their  source  as 
given  above.  The  reader  should  note  that  the  graphs  arc  .subject  to 
revision  and  that  the  data  on  which  they  are  based  will  be  published  in 
the  (ooperallve  report  referred  to. 

'  In  the  year  ended  May  ."!!,  1870.  prime  movers  in  manufacturing  and 
hand  and  neighborhood  industries  consisted  of  steam  engines  of  1.215,- 
711  horsepower  and  water  wheels  of  1,130.4.31  horseiwwer.  U.  S. 
Bureau  of  the  Census,  Manufactures:  J9I9,  General  Report  and  Analyti- 
cal Tablex,  p.  122. 

=  I'nited  States  Bureau  of  Mines,  llinerals  Yearbook,  msn,  p.  810. 
This  percentage  is  computed  with  water  power  converted  to  fuel 
equivalents  at  prevailing  central  station  practice. 


ill  the  use  of  petroleum  ami  natural  gas  has  been  much 
greater  tlian  the  growth  and  annual  sui)ply  of  total 
energy.  In  1037  both  crude  petroleum  and  natural  gas 
reaclieil  a  \wdk  of  relative  importance.  Together  they 
accounted  for  42.8  percent  of  the  energy  total — 32.4  per- 
cent for  petroleum  and  10.4  percent  for  natural  gas.^ 
In  the  meantime,  the  relative  importance  of  coal  had 
dropped  until  in  1937  it  accounted  for  53.7  percent  of 
the  total.  Much  of  this  change  has  represented  a  sliift 
from  coal  to  oil  and  gas,  especially  since  1926.  In  that 
year  the  gi-and  total  energy  supply  in  the  United  States 
was  24,445  trillion  British  thermal  units.  In  1937  the 
total  was  about  the  same — ^24,183  trillion.  During  this 
13-year  period,  however,  the  relative  importance  of  oil 
and  gas  rose  from  26.2  percent  to  42.2  percent. 

Changes  in  Major  Petroleum  Products 

In  the  early  history  of  the  petroleum  industry  it," 
main  products  were  kerosene  (or  coal  oil)  and  crude 
lubricants.  Kerosene  was  u.sed  lM)lh  for  lighting  and 
as  a  fuel,  especially  for  cooking.  Somewhat  later, 
natural  gas  was  saved  and  used  as  an  illuminant. 
Kerosene  remained  tlu;  major  product  of  the  petroleum 
industry  until  ahf)ut  1910,  when  gasoline  became  most 
important.  In  volume  of  production,  however,  ga« 
oil  and  fuel  oil  for  many  years  exceeded  gasoline, 
mainly  because  refining  technique  did  not  permit 
greater  yields  of  motor  fuel.  With  increasing  use  of 
cracking  processes  during  the  i)ost-war  decade,  the 
production  of  gasoline  finally,  in  1930,  exceeded  that 
of  all  fuel  oil — distillate  and  residual.  Although  gas- 
oline remains  the  major  product  of  the  oil  iiulu.stry,  in 
recent  years  the  demand  for  distillate  fuel  oil,  "both 
as  a  heating  fuel  and  as  a  fuel  for  internal  combustion 
engines,  has  been  growing  more  rapidly  than  the  de- 
mand for  gasoline.  On  the  whole,  it  may  be  said  that 
the  great  growth  of  the  petroleum  industry  during 
the  twentieth  century  has  been  related  primarily  to  the 
exiiansion  of  motor-fuel  demand. 

Importance  to  Consuming  Industries 

The  great  economic  importance  of  petroleum  results 
from  its  use  in  transportation  industries  and,  primar- 

'  Minerals  Yearbonk.  BiS.  p.  704.     These  are  preliminary  percentages. 
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ily.  of  course,  in  the  operation  of  motoi'  vehicles.  The 
entire  motor  transport  is  dependent  on  petroleum 
products,  and  it  has  been  estimated  that  for  all  the 
methods  of  transportation  approximately  60  percent 
of  the  power  requirements  are  supplied  either  by  gaso- 
line or  by  fuel  oil.''  The  importance  of  oil  and  gas  in 
the  transport  industries  stems  also  from  the  wide- 
spread use  of  residual  fuel  oil  and  Diesel  oil  by  steam- 
ships and  railroad  locomotives,  and  the  use  of  gasoline 
for  airplanes  and  motorboats.  Of  ocean-going  vessels 
of  the  United  States  merchant  marine,  about  93  per- 
cent of  the  total  tonnage  at  the  end  of  1937  was  moved 
by  oil,  used  either  in  Diesel  motors  or  as  fuel  under 
boilers. ° 

Furthermore,  of  the  total  installed  horsepower — in- 
cluding automobiles  and  other  mobile  power  units — in 
the  United  States  in  1929  about  8C  percent  was  depend- 
ent on  petiToleum  products  as  a  source  of  energy.  If 
all  motor  vehicles  except  trucks,  busses,  and  taxis  be 
excluded,  nearly  49  percent  of  the  remaining  horse- 
power is  accounted  for  by  internal-combustion  en- 
gines." Yet,  automotive  motors  are  in  operation  much 
less  of  the  time  than  other  prime  movers.  For  ex- 
ample, in  1935  the  available  horsepower  of  motor 
vehicles  was  about  20  times  that  of  electric-generating 
stations,  whereas  the  estimated  energy  output  in  kilo- 
watt-hours was  87  billion  for  automobiles  and  92  bil- 
lion for  central  electric  stations.'  Of  total  power  actu- 
ally produced,  perhaps  as  much  as  50  percent  depends 
on  petroleum  for  fuel. 

Extremely  important  in  economic  growth  has  been 
the  production  of  lubricants  from  petroleum.  A  plen- 
tiful supply  of  lubricating  oils  has  been  a  major  pre- 
requisite for  mechanical  development,  especially  of 
heavy  high-speed  machinery.  As  yet  there  is  no  mate- 
rial other  than  petroleum  that  will  yield  lubricants  in 
quantities  sufficient  to  meet  transportation  and  manu- 
facturing demands. 

In  manufacturing  industries,  oil  and  gas  are  con- 
sumed mainly  in  petroleum  refining,  in  iron  and  steel 
production,  and  in  carbon-black  manufacture.  In  many 
other  industries  products  of  petroleum  are  of  consider- 
able importance,  notably  in  the  construction  and  main- 
tenance of  highways,  in  the  chemical  industries,  and 
for  both  domestic  and  industrial  heating  purposes. 


«  Myron  W.  Watkins,  Oil:  Stabilization  or  Consenationf  (New  Tork, 
1037),  p.  3. 

=  United  States  Maritime  Commission.  Division  of  Research,  Semi- 
Annual  Report,  Xo.  1100.  p.  1. 

'  C.  R.  Dougherty,  "Horsepower  Equipment  in  the  United  States," 
American  Economic  Sevieie,  September  1933,  p.  439. 

'  A.  A.  rotter,  "The  Production  of  Power,"  Technological  Trends 
and  National  roUcy,  Natlon.il  Resources  Committee.  1937,  p.  252. 


The  Effect  of  the  Petroleum 
Industry  on  the  Location  of 
Manufacturing  Industries 

The  older  energy  industries  have  exercised  a  direct 
influence  on  the  location  of  manufacturing  establish- 
ments. In  early  New  England,  for  example,  many 
factories  used  wood  as  a  source  of  enei'gy  and  were 
located  not  far  from  forests.  Somewhat  later,  textile 
mills,  as  well  as  small  machine  plants,  were  located 
ordinarily  on  sites  at  waterfalls,  whoe  water  power 
could  be  used  to  drive  machinery  within  the  plant.  In 
the  nineteenth  century  many  of  Pennsyh-ania's  blast' 
furnaces  burned  charcoal  and  were  located  directly 
within  the  gi'eat  forests  in  the  west  central  i)art  of  the 
State. 

Coal,  because  of  its  high  thermal  value  and  the  size  of 
its  reserves,  has  exerted  a  far  greater  influence  on  the 
location  of  industry.  In  particular,  the  iron  and  steel 
industry  and  the  making  of  heavy  machinery  have  been 
located  with  reference  to  supplies  of  coal.  In  fact,  the 
present  industrial  importance  of  the  northeastern  sec- 
tion of  the  United  States  is  based  in  large  measure  on 
the  bituminous  reserves  of  Pennsylvania  and  nearby 
States. 

Oil  and  gas,  on  the  other  hand,  have  attracted  to 
themselves  comparatively  little  manufacturing  activity. 
Aside  from  carbon  black,  smelting,  and  glass,  no  other 
important  industry  has  located  in  or  near  natural-gas 
fields,  and  in  recent  years,  the  tendency  has  been  for 
smelters  and  glass  factories  to  locate  with  respect  to 
raw  materials  and  obtain  gas  hy  pipe  line. 

Major  manufacturing  establislunents  located  in  oil- 
producing  sections  of  the  country  have  been  petroleum 
refineries.  Even  refineries,  however,  do  not  move  from 
field  to  field  but  draw  on  more  distant  sources  for  fuel 
or  raw  materials  when  those  near  at  hand  have  become 
depleted.  Thus  many  oil  districts  have  attracted  com- 
paratively few  refineries,  except  those  needed  to  supply 
motor  fuel  for  local  or  regional  needs.  Oklahoma,  for 
example,  although  a  heavy  producer  of  crude  oil,  has 
ne^'er  accounted  for  a  comparable  share  of  the  Nation's 
x-efining  activity.  Gasoline,  the  main  refined  product, 
is  consumed  all  over  tlie.  country,  but  especially  in  areas 
of  dense  population.  Crude  has  moved  toward  the 
major  market  for  motor  fuel  and  fuel  oils — at  least 
toward  the  market  as  far  as  cost  of  transportation  was 
concerned.  In  other  words,  petroleiun  refineries  have 
not  as  a  rule  been  located  simply  in  oil  fields  but.  for 
the  most  part,  have  been  situated  within  reach  of  sea- 
coasts  or  within  heavy  consuming  areas.  The  feasi- 
bility of  transporting  gasoline  by  pipe  line  within  the 
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past  few  years,  coupknl  with  <;reater  yields  of  gasoline 
from  cracking,  has  modified  this  relationship  somewhat 
and  facilitated  the  oi>eration  of  pctrolenm  refineries  in 
tlie  niidcontinent  field. 

For  manufacturing  industries  generally,  the  oil  and 
gas  fields  have  exerted  little  influence  on  location.  Most 
of  the  industries  which  now  consume  oil  and  gas  have 
been  located  with  respect  to  other  considerations,  and, 
as  a  matter  of  fact,  many  of  them  already  had  been  es- 
tablished in  relationship  to  supplies  of  coal  or  other 
sources  of  energy.  The  development  of  petroleum  prod- 
ucts came  too  late  to  determine  the  initial  location  of 
the  industries  which  consume  those  products,  and  so 
far  the  use  of  jietroleum  has  not  led  to  a  shift  in  the 
centers  of  production  of  those  industries.  The  low  cost 
at  which  crude  oil,  natural  gas,  and  their  refined  prod- 
ucts could  be  transported  lessened  the  attracting  power 
of  oil  and  gas.  It  has  proved  simpler  to  move  oil  and 
gas  to  the  market  than  to  shift  industries  to  these 
sources  of  fuel.  Moreover,  the  production  of  crude 
petroleum  may  shift  rather  rapidly,  since  total  oiitput 
often  l)egins  to  decline  soon  after  a  new-  oil  field  is 
opened.  In  fact,  field  output  may  start  declining  after 
a  few  mouths,  and  the  pei'-well  average  usually  drops 
from  the  beginning.  For  these  reasons  oil  and  gas  dis- 
tricts have  never  attracted  the  great  variety  of  miscel- 
laneous manufacturing  industries  which  cinu-acterizes 
the  older  energy-i)roduciug  districts  of  tlio  industrial 
Northeast. 

Texas  now  leads  all  other  States  in  the  value  of  min- 
eral production,  having  outranked  Pennsylvania  in 
1035.  Yet  the  value  of  manufactured  pioducts  in  Texas 
remains  a  fraction  of  that  in  Pemisylvania.  In  Penn- 
sylvania a  much  larger  proportion  of  tlie  mineral  pro- 
duction mined  within  the  State  is  consumed  by  local 
industries.  This  difference  can  be  accounted  for  princi- 
pally by  the  fact  that  the  manufacturing  industries  con- 
stitute one  of  the  major  markets  for  bituminous  coal, 
whereas  the  leading  mai-kets  for  petroleum  products  are 
the  transportation  industries.  These  latter  industries 
naturally  are  located  with  reference  to  sources  of  traffic 
and  not  sources  of  fuel. 

Since  the  main  consumers  of  petroleum  products  are 
motor  vehicles,  not  industrial  plants,  and  since  fuel  oil 
can  be  transported  from  the  Gulf  coast  to  the  North 
Atlantic  seaboard  at  low  cost,  it  can  hardly  be  expected 
that  the  oil-producing  States  will  develop  as  major 
manufacturing  areas.  Indeed,  there  is  little  evidence 
that  the  center  of  manufacturing  activity  in  the  United 
States  has  moved  westward  as  a  result  of  the  shift  in 
somxe  of  energv  from  coal  in  tlie  Northeast  to  oil  in  the 


Southwest.  If  anything,  ihe  a\ailability  of  low-cost 
peti'oleum  fuels  at  Atlantic  seaports  has  strengthened 
the  locational  advantage  of  the  seaboard  for  manufac- 
turing industries.  This  is  not  to  deny,  however,  that 
there  has  been  a  considerable  industrial  development 
in  parts  of  Texas,  California,  and  other  oil-producing 
districts. 

Growth  of  the  Petroleum  Industry 

The  American  i)efro]eiuii  industry  was  initiated  willi 
tlie  drilling  of  the  Drake  well  in  Pennsylvania  in  1859. 
Production  of  crude  petroleum  in  the  following  year  is 
estimated  at  500,000  barrels.  Since  that  time  produc- 
tion of  crude  oil  has  grown  with  a  high  degree  of  regu- 
larity until,  in  1929,  it  amounted  to  1  billion  barrels. 
Production  then  fell  to  approximately  three-quarter 
billion  barrels  in  1932  and  recovered  to  an  all-time  peak 
of  slightly  more  than  I14  billion  barrels  in  1937.  Up 
to  the  beginning  of  1900  the  total  output  of  the  indus- 
try approximated  1  billion  l)arrels.  During  the  follow- 
ing 22  years  production  amounted  to  approximately  5 
billion  barrels.  The  activity  of  the  industry  was  further 
speeded  up  diu-ing  the  1920's  and  1930's,  so  that  in  the 
16  years  ended  January  1,  1938,  production  apjiroxi- 
mated  14  billion  barrels.  Of  the  total  output  cumu- 
lated to  the  beginning  of  1938  of  20  billion  barrels,  70 
percent  was  produced  during  the  yeais  1922-37.  The 
petroleum  industry  is  one  of  the  largest  American  in- 
dustries. Judged  by  gross  amuial  income,  it  exceeds 
any  other  branch  of  industry  with  the  exception  of  agri- 
culture. On  the  basis  of  capital  investment  or  net  in- 
come, it  ranks  somewhat  lower.' 

There  are  two  important  reasons  for  the  rapid  growth 
of  the  petroleum  industry,  I)oth  related  to  the  use  of  the 
motor  vehicle.  In  the  first  place,  there  has  been  a  great 
shift  of  passenger  traffic  from  the  railroad  to  the  auto- 
mobile. In  the  second  place,  there  has  been  a  marked 
increase  in  the  extent  of  travel  and  in  the  movement  of 
goods.  Indeed,  the  growth  of  the  petroleum  industry 
since  1900  has  been  closely  coordinated  with  the  growth 
in  automobile  registrations,  and  since  1910  the  history 
of  the  petroleum  industry  may  be  roughly  characterized 
as  a  search  for  more  and  more  gasoline.  In  recent  years 
the  consumption  of  gasoline,  and  to  a  large  extent  the 
production  of  crude  oil,  has  been  closely  coordinated, 
year  by  year,  with  changes  in  automobile  registrations. 
The  ra]ii<l  expansion  in  the  use  of  gasoline  is  roughly 
indicated  by  the  jump  in  motor  vehicle  registrations 
from  8,000  in  1900  to  468,500  in  1910,  then  to  9,231,900  in 
1920.    The  rate  of  growth  slowed  down  somewhat  dur- 


'  Watkins.  op.  cit.,  p.  7. 
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iiig  the  twenties,  but  tlie  iiuinber  of  motor  vehicle  regis- 
trations in  1930  amoiuited  to  26,445,300.  During  the 
depression  years  the  sales  of  new  cars  and  trucks  failed 
to  equal  the  units  that  were  withdrawn  from  use,  so 
that  registrations  actually  declined.  By  the  end  of  1938, 
however,  the  number  of  registrations  had  more  than 
recovered  the  depression  loss  and  stood  at  29,212,000. 
The  oil  industry  has  kept  x\\i  with  the  increase  in  de- 
mand for  gasoline  so  successfully  that  the  price  of 
gasoline  has  tended  to  drop  more  rapidly  than  that  of 
other  wholesale  prices  since  1920.  In  part,  and  jjrob- 
ably  in  major  jjart,  this  has  resulted  from  the  technical 
developments  in  the  production  and  refining  of  crude 
oil.  To  some  extent,  however,  this  continued  search  for 
lai-ger  supplies  of  fuel  has  been  accompanied  by  exces- 
sive waste,  both  in  crude  oil  and  in  natural  gas,  with 
the  result  that  the  amount  i^roduced  has  often  had  little 
relation  to  the  current  demand. 


Scope  of  This  Section 

The  purpose  of  this  analysis  is  to  obtain  a  clearer 
view  of  the  proper  relation  of  government  to  the  oil 
and  gas  industry  and  to  consider  the  basis  of  public 
interest  in  measures  aimed  at  the  conservation  and 
jDrudent  use  of  petroleum  and  natural  gas.  In  order  to 
indicate  the  size  of  the  problem,  attention  is  devoted 
to  estimates  of  the  amounts  of  oil  remaining  in  the 
ground  and  to  relative  exhaustion  of  petroleum  reserves. 
Imjiroved  methods  of  producing  and  refining  crude  oil 
are  assessed  in  terms  of  their  contribution  to  conserva- 
tion. Emphasis  is  given  to  the  greater  efficiency  that 
has  developed  in  the  use  of  oil  and  gas,  jiarticularly  in 
its  bearing  on  interfuel  competition.  The  study  should 
serve  to  indicate  what  conditions  have  been  responsible 
for  the  waste  of  natural  resources  and  capital  in  tiie  oil 
and  gas  industry  and  to  suggest  various  methods  for 
restricting:  avoidable  waste. 
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CHAPTER  2.— OIL  AND  GAS  RESERVES  AND  THE  PROBLEM  OF  RECOVERY 


Extent  and  Character  of  Reserves 
Deflnitiun  of  I'roven  Keservos 

III  ii  review  of  tlie  eHtimutes  of  oil  and  gas  reserves 
attention  must  be  {riven  to  a  definition  of  what  is  meant 
by  resi'rves  and  to  a  description  of  the  methods  by  which 
the  est  imates  of  reserves  are  computed.  Early  attempts 
to  set  limits  on  the  amount  of  oil  and  giis  which  was 
thought  to  be  obtainable  were  usually  made  in  terms 
of  totals  for  the  entire  national  domain,  regardless  of 
the  extent  of  discovery.  Soon,  however,  it  became  evi- 
dent that  such  totals  could  be  approximated  with  very 
little,  if  any,  accuracy,  and  that  they  were,  as  one  geol- 
ogist expressed  it,  mere  idle  conjectures.  Moie  re- 
cently the  estimates  of  oil  and  gas  have  been  restricted 
to  reserves  in  proven  areas,  where  at  least  some  produc- 
tion had  been  obtained.  Moreover,  the  newer  estimates 
have  been  stated  in  terms  of  the  production  recoverable 
by  current  methods;  that  is,  jjroven  reserves  have  been 
defined  as  that  i)ortion  of  the  oil  or  gas  underground 
in  proven  fields  which  can  be  economically  brought  to 
the  surface  and  nuide  available  for  utiliziition.'  ]\Iany 
factors  determine  the  extent  to  which  oil  and  gas  can  be 
economically  produced.  For  example,  the  price  of  oil 
or  gas  will  di'termine  the  extent  to  which  some  wells 
can  be  oj)erated,  particularly  wells  which  have  long 
been  in  production.  Among  the  other  factors  are  the 
various  technical  methods  of  pi-oduction,  and  in  par- 
ticular, the  ways  in  which  the  reservoir  energy  is  uti- 
lized to  ])ro(luce  the  crude  petroleum.  Obviously  the 
improvement  of  various  ijroduclion  methods  has  ex- 
tended the  amounts  which  could  l)i'  included  in  recover- 
able proven  reserves.  In  the  deteiinination  of  the  oil 
which  can  be  brought  to  the  surface,  perhaps  the  most 
im[)oitaiil  consideration  is  the  present  legal  sj'steni  un- 
der which  oil  and  gas  are  produced — a  system  of  sepa- 
rate ownership,  often  of  small  tracts  of  land  on  which 
each  owner  has  the  right  to  capture  all  the  resources  he 
can  obtain  from  wells  drilled  on  his  ])i-(iperty,  regard- 
less of  whether  the  oil  and  gas  are  actually  drained  from 
mider  his  own  or  adjacent  tracts.-  This  legal  system 
has  resulted  in  competitive  development  of  oil  fields 
and,  consequently,  in  much  greater  costs  than  would 
apply  if  an  oil  field  could  be  exploited  according  to  the 
most  eflicient  current  engineering  methods. 

Petroleum  geologists  and  engineers,  in  estimating 
reserves,  have  set  the  extent  of  recovery  at  about  25 


'  V.  R  G.nrfias  and  R,  V.  Whetsel,  "Proved  Oil  Reserves."  The  Science 
of  Petrriteum,  London.  1938.  I.  532-33  ;  identical  article  published  as 
"Proven  Oil  Reserves,"  Transacti07ts  of  the  American  hi-'ftitute  of 
Mining  and  MrtnUurgiral  Engineers  (A.  I.  M.  M.  P..)  I'ltrojeum  Devel- 
opment and  Technology  (Pet.  Dev.  Tech.).  1936,  pp.  211-13;  also  see 
V.  R.  Garfias,  R.  V.  Wlietsel.  and  J.  W'.  Ristori,  "World  Consumption 
of  Petroleum  Products  and  Related  Fuels,"  .1.  /.  M.  M.  E.,  Pet.  Dev. 
Tech.,  B3S,  p.  30.S. 

'  See  pp.  200-201  of  this  report. 


percent.  About  ;>.")  percent  is  the  current  average  of 
estimates  by  authorities  of  the  extent  to  which  oil  is 
actually  brought  to  the  surface  for  consumption.'  For 
luitiiral  gas.  on  the  other  hand,  the  relative  recovery 
is  much  higher;  estimates  of  recovery  of  somewhat 
above  75  percent  have  been  used  in  calculating  re- 
serves.' The  relative  recovery  in  natural  gas,  however, 
has  probably  improved  sufficiently  to  raise  this 
percentage  to  between  85  and  90  percent.  Among 
individual  fields  there  are  noticeable  dilTereiices  in  rela- 
tive recovery,  depending  on  reservoir  conditions  and 
field-production  practices. 

Therefore  the  proven  reserves  may  be  thought  of  as 
a  known  inventory  of  oil  and  gas  stored  underground 
which  can  be  recovered  and  used.  Reserve  estimates 
give  no  consideration  to  the  additional  quantities  of 
oil  and  gas  which  undoubtedly  lie  under  large  areas  as 
yet  untested  or  to  the  additional  supplies  which  lie 
below  the  present  producing  strata  and  which  will  be 
discovered  as  the  drilling  depth  is  extended.  Most 
geologists  emphasize  that  reserves  must  be  understood 
as  running  inventories  of  supply,  that  they  convey  the 
record  as  of  a  definite  date,  and  that  they  must  be 
revised  periodically  in  the  light  of  increased  knowledge. 
Imjirovements  in  exploratory  techniques  are  constantly 
reducing  the  amounts  of  reserves  which  can  be  discov- 
ered in  the  future. 

Methods  of  Estimation 

Although  there  are  some  unknown  factors  which  have 
to  be  guessed,  reserve  estimates  are  nevertheless  not 
mere  conjectures.  The  geologist  considers  the  available 
pertinent  data,  i)icluding  capacity  and  nature  of  the 
reservoir,  its  depth,  quality  of  oil  or  gas,  and  nature  of 
the  sand  or  rock  formation.  Much  depends  on  the  por- 
tion of  the  pore  space  w'hich  is  filled  with  oil,  the  per- 
meability of  the  strata,  and  the  pressure. 

Natural-gas  reserves,  with  adequate  data  available, 
can  be  computed  with  considerable  accuracy.     Given 


'Garfias  and  Whetsel,  loc.  cit.;  A.  T.  Sclnirick,  "Determination  of 
Probable  Life  of  Oil  Reserves  by  a  Mathematical  Principle,"  Annalist, 
November  0,  1937,  p.  740.  The  .\merican  Petroleum  Institute  Com- 
mittee of  Kleven  seems  to  have  made  their  res<'rve  estimate  on  a  basis 
of  a  2.5-percent  recovery  consistent  witii  the  averase  practice  in  11*25. 
Committee  of  Kleven,  .\merican  Petroleum  Institute,  American  Petro- 
leum Supply  and  Demand,  New  York,  W2r,,  pp.  101-2.  Methods  of  con- 
serving reservoir  energy  have  raised  this  percenlape  somewhat  since 
1925;  American  Petroleum  Institute  Quarterly,  April  1938  p.  13. 
.\lthough  average  recovery  is  usually  taken  as  about  25  percent,  esti- 
mates have  been  made  varying  from  10  to  50  percent,  depending 
largely  on  tlie  nature  of  the  reservoir;  see  various  petroleum  engi- 
neers and  geologists.  Petroleum  Investigation,  lOSi,  Hearings  on  H.  Res. 
441,  73d  C»ng.,  pp.  1218-2G,  especially  tabulation  of  John  R.  Sunian, 
vice  president.  Humble  Oil  &  Refining  Co..  ibid.,  p.  1221.  Hale  B. 
Soyster,  of  the  Cnited  States  Geological  Survey,  estimated  in  1934 
that  between  25  and  35  percent  of  the  oil  in  the  ground  could  be 
recovered  by  production  methods  then  known.  He  used  this  recovery 
factor  in  estimating  the  reserves  as  of  January  1934,  ibid.,  p.  20. 

'V.  R.  Garflas,  A.  I.  M.  M.  E.,  Pet.  Dev.  Tech.,  B35,  p.  243. 
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the  volume  of  the  reservoir,  the  pressure,  temperature, 
and  ccmpressibilitj-  of  the  gas,  the  quantity  of  gas  may 
be  determined  by  the  "saturation"  or  "pore  space" 
method.  This  method  is  particularly  applicable  to  new 
fields.  For  older  fields  the  "pressure-volume"  or  "jires- 
sui'e-decline"  method  is  used.  It  is  based  on  operating 
data  at  the  beginning  of  the  life  of  the  reservoir  and 
after  any  given  amount  of  production.'  Naturally  more 
accurate  estimates  of  a  reserve  are  possible  after  more 
production  data  have  been  accumulated.  Estimates  of 
total  reserves  are  somewhat  less  accurate  because  in  the 
total  are  included  many  new  fields  for  which  production 
data  are  fragmentary.  A  high  degree  of  accuracy, 
however,  has  been  achieved  in  reserve  estimates  for 
individual  pools." 

For  oil  pools  the  method  of  estimating  reserves  until 
a  few  years  ago  consisted  primarily  of  a  projection  of 
the  production  curves  of  fields  or  groups  of  fields.'  In 
cases  where  the  field  was  comparatively  new.  estimates 
were  based  upon  core  analyses  and  guesses  of  acreage 
involved.  Although  the  projection  of  production  curves 
was  made  by  those  familiar  with  local  conditions,  this 
method  was  not  suscej^tible  to  a  high  degi-ee  of  accuracy. 
For  one  thing,  only  the  average  expectation  could  be 
forecasted.  Moreover,  the  decline  cuive  method  could 
not  be  api^lied  to  a  field  until  the  field  had  produced  for 
some  time.  In  addition,  the  method  did  not  consider, 
directly  at  least,  the  influence  of  changes  in  production 
technique.* 

When  proration  methods  were  introduced,  the  decline 
curve  method  obviously  became  inapplicable.  The  new 
jDroduction  curve  indicated  simply  the  amount  of  oil  or 
gas  which  a  State  regulatory  body  allowed  to  be  pro- 
duced. Consequently,  new  methods  of  estimating  re- 
serves were  evolved.  Of  these,  the  first  may  be  called 
the  acre-foot  method,  since  it  was  based  primarih-  on  the 
acreage  of  the  field  and  the  average  thickness  of  oil- 


'John  W.  Finch,  "Natural  Gas  Reserves  and  Tlieir  Conservation," 
Atnerican  Oas  Association  Monthly,  December  19.'.6,  p.  433.  "In  ap- 
plying the  saturation  method  there  may  be  uncertainties  in  determin- 
ing the  area  of  the  structure  or  the  thickness  or  porosity  of  producing 
formations  ;  and  in  applying  the  "pressure-volume"  method  the  effect 
of  encroaching  edge  water  in  altering  shape  and  size  of  tlie  gas-filled 
space  may  not  be  accurately  determinable.  Uncertainties  concerning 
solubility  of  gas  in  the  oil  and  its  liberation  from  the  liquid  as  the 
pressure  is  lowered  make  estimated  gas  that  is  associated  with  oil 
difficult."  See  al.so  E.  L.  Rawlins,  "The  Study  of  Gas  Fields."  yatural 
Oax,  May   1030.   pp.  26-20,  5G-.5S,  and  accompanying  bibliography. 

'The  problem  of  estimating  natural  gas  reserves  is  complicated  by 
the  fact  that  approximately  halt  of  the  natural  gas  is  found  in  direct 
association  with  oil,  so  that  the  estimate  of  gns  depends  on  the 
relative  saturation  of  the  oil  and  the  way  in  which  the  crude  oil  is 
produced  ;  see  U.  S.  Bureau  of  Mines,  "Conservation  of  Petroleum  and 
Natural  Gas,"  Third  World  Power  Conference,  Washington,  1936,  sec. 
IV,  Paper  No.  12,  p.  12. 

'■  Petrolcuc  Inrcstiriation.  i.'«,',,  p.  1970;  American  Petroleum  f^upply 
and  Demand,  p.  GO  ;  W.  A.  Ver  Wiebc.  The  Science  of  Petroleum,  I,  68. 

"  M.  Albertson,  "Estimation  of  Developed  Petroleum  Reserves," 
A.  I.  M.  M.  E.,  Pet.  Dcv.  Tech.,  10.36,  pp.  14-15. 


bearing  strata.  The  relative  amount  of  oil  in  the  strata 
was  approximated  from  analyses  of  cores  taken  from 
either  producing  or  test  wells.  This  method  was  ap- 
plicable as  soon  as  the  limits  of  the  field  were  deter- 
mined. 

A  method  which  can  be  used  when  the  limits  of  the 
producing  zone  have  not  been  defined  is  the  "material 
balance  method"^ — an  attempt  to  estimate  the  initial 
quantity  of  oil  and  gas  in  the  reservoir  by  adding  cumu- 
lative production  at  a  given  time  to  the  estimated  bal- 
ance in  the  reservoir.  The  volumetric  change  is  calcu- 
lated by  using  analyses  of  the  fluid  obtained  from  bot- 
tom-hole samples,  analyses  of  the  liberated  gases  and 
oils,  bottom-hole  temperatures  and  pressures,  and  other 
clianges  in  the  properties  of  the  oil  and  gas  and  in  the 
operating  conditions  of  the  well.  Moreover,  the  rise  in 
tlie  oil-water  contact  line  as  withdrawals  are  made  (i.  e., 
water  encroachment)  and  the  exj^ansion  or  contraction 
of  the  gas-cap  area,  if  any,  is  often  taken  into  consider- 
ation." In  some  ciixumstances  a  fairly  satisfactory  re- 
serve estimate  can  be  made  from  a  projection  of  energy 
decline  curves.  Some  petroleum  engineers  have  main- 
tained that,  where  reservoir  i-eactions  can  be  accurately 
measured,  the  prediction  of  the  reserves  are  correct 
Mithin  a  range  of  10  percent.'" 

Many  of  the  above  remarks  do  not  apply  to  the  esti- 
mation of  reserves  in  limestone  reservoirs,  which  have 
gained  in  importance  in  the  past  5  years.  Among  these 
reservoirs  and  even  within  the  same  reservoir  there  is  a 
decided  lack  of  uniformity. 

Estimates  for  the  Country 

Prior  to  1922  no  effort  was  made  in  the  estimation  of 
oil  reserves  to  separate  known  areas  from  undiscovered 
areas.  The  estimates,  consequently,  varied  widely,  be- 
cause the  territory  in  which  oil  might  be  discovered  is  a 
very  large  one."  Although  the  early  estimates  are 
based  on  meager  data  and  on  widely  varying  supposi- 
tion, they  are  not  altogether  inconsistent  with  estimates 
made  after  1921.  The  first  estimate  which  drew  a  dis- 
tinction between  known  fields  and  undiscovered  fields 
was  made  by  the  United  States  Geological  Survey  with 
the  cooperation  of  the  American  Association  of  Petro- 
leum Geologists.  This  estimate  listed  5  billion  barrels 
of  crude  "in  sight"  as  of  January  1,  1922,  and  4  billion 
barrels  additional  as  "prospective  and  possible" 
(table  1)." 


» D.  L.  Katz,  "A  Method  of  Estimating  Oil  and  Gas  Reserves," 
A.  1.  if.  M.  E.,  Pet.  Dev.  Tech.,  1936,  p.  18 ;  R.  L.  Huntington,  "Estima- 
tion of  Oil  and  Gas  Reserves,"  Oil  and  Gas  Journal,  October  15,  1936, 
p.  124  ;  Petroleum  Investigations,  im,  pp.  1215-1217  ;  L.  G.  E.  Bignell, 
"Characteristics  of  Oil  Reservoirs  Give  Data  on  Reserves  to  be  Re- 
covered," Oii  0)1(1  (las  Journal,  February  20,  1936,  p.  36. 

"Albertson,  loo.  cit. 

"  See  pt.  two,  ^ec.  I,  ch.  2.  fig.  8.  of  this  report. 

^- Ihid.,  p.  289. 
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Table  1. — Estimates  of  proven  recoverable  reserves  of  crude 
Iielrohum  in  the  United  States,  190S-30 


Author 


David  T.  Day 

Ualph  Arnold - - 

U.  S.  Oeolofical  Survey 

Wallace  E.  Pratt 

David  White 

H.  I.  Wasson 

H.  J.  Wasson 

U.  S.  Geological  Survey 

U.  S.  Geological  Survey 

H.  J.  Wasson 

II.  J.  Wasson_ 

n.  J.  Wasson 

U.  J.  WflSSOD- 

American  Petroleum  Institute  Committee  of  Eleven 

Federal  Oil  Conservation  Board 

H.  J.  Wasson 

H.  J.  Wasson_ 

II.  J.  Wasson 

H.  J.  Struth,  Oil  Weeklv 

H.  J.  Wasson 

H.  J.  Struth,  Oil  Wteklv 

Ralph  Arnold  and  W.  J.  Kemnitzer 

H.  J.  Wa-ison 

H.  J.  Struth,  Oil  Weekly 

H.J.  Wasson 

Wallace  E.  Pratt 

H.  J.  Struth,  Oil  Weeklt 

Federal  Oil  Conservation  Board 

H.  J.  Wasson 

Valentine  Oarfias 

H.  J.  Wasson 

Petroleum  Administrative  Board 

H.  B.  Soyster 

C.  H.  Wegemann,  based  on  Pratt's  rate 

American  Petroleum  Institute 

H.  J.  Wasson 

C.  B.  Ames - 

Petroleum  Administrative  Board,  revised 

American  Petroleum  Institute,  revised  in  1937 

American  Petroleum  Institute 

Valentine  Garflas 

H.  J.  Wasson 

Ale.x  W.  McCoy 

E.  W.  Marland 

Campbell  Osborn 

Warren  L  Baker,  Oil  Wertty 

Joseph  Pogue,  based  on  Pratt 

Garflas  and  Whetsel 

Oil  and  Oas  Jouriial 

n.  J.  Wasson 

American  Petroleum  Institute 

Oil  and  Oas  Journal _. 

E.  B.  Swanson --- 

J.  Elmer  Thomas 

Walter  \.  Ver  Wiobe 

H.  J.  Wasson 

Anjerican  Petroleum  Institute,  revised 

Oil  and  Qat  Journal,  revised 

W.  V.  Howard 

American  Petroleum  Institute 

Oil  and  Gas  Jotirntil -.- 

Alex  W.  McCoy 

W.  J.  Kemnitzer 

Alei  W.  McCoy 

Oil  and  Gas  Journal,  revised  '' 

Oil  and  Gas  Journal  '* 

American  Petroleum  Institute  ^ 

Garflas  and  Whetsd  " 


Millions  of 

42-gnlIon 

barrels 


015  22.515 

1908 

"5,700 

1914 

'7.600 

1915 

<  1.000 

1917 

'6.700 

1918 

•7.534 

1920 

•7,676 

1921 

'9,150 

1922 

'5,000 

1922 

•8,004 

1922 

•8,247 

1923 

•8.315 

1924 

•8,401 

1925 

'5,321 

1925 

"4,500 

1926 

'8,447 

1928 

'9,223 

1927 

•9,675 

1928 

"7,704 

1928 

•10,710 

1929 

"9,071 

1929 

"27.603 

1929 

•10,803 

1930 

"  9, 109 

1930 

•13,905 

1931 

'10,000 

1D31 

"  10,  678 

1931 

"10.000 

1U32 

•13,571 

1932 

"12.000 

1933 

•13.816 

1933 

"  10, 638 

1934 

•  13, 360 

1934 

"8,300 

1934 

1'  13,  250 

1934 

•13,410 

1934 

"  12,000 

1934 

"10,763 

1935 

"  13,  632 

1935 

"12,177 

1935 

"  13,000 

1935 

•  13,  202 

1935 

"10,700 

1935 

"13,000 

1935 

"  16,000 

1935 

»  12.  992 

1936 

"12,400 

1936 

"  10,  575 

1936 

"  12,  502 

1936 

•13,608 

1936 

1'  13,063 

1937 

"  12,  502 

1937 

"15,000 

1937 

"15,000 

1937 

*>  13,000 

1937 

•13.435 

1937 

'•15.856 

1937 

«'  12,005 

1037 

"14,423 

1938 

"15,507 

1933 

"13,489 

1938 

««  12,909 

1938 

"18,982 

1938 

'•13,584 

1938 

"  13,  976 

1938 

'■14,352 

1939 

"  17,  348 

1939 

"  14,  000 

1939 

Year  of 

estimate 


Note. — Estimates  are  as  of  the  first  of  the  year  e.xcept  as  indicated  below.  Prior 
to  1922,  no  eflort  was  made  to  separate  known  fields  from  undiscovered  fields;  since 
1922,  estimates  represent  the  amount  of  oil  which  may  be  extracted  by  present  known 
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methods  from  fields  sufiQciently  drilled  and  explored  to  permit  of  reasonably  accurate 
calculations. 

Source: 

'  Committee  of  Eleven  of  the  American  Petroleum  Institute,  .American  PelroUum 
Supply  and  Demand,  New  York,  1925,  p.  42. 

'  Congressional  Record  olU.  Rep.,  75th  Cong.,  1st  sess.,  W.  E.  Disnoy,  Mar.  10, 
1937,  p.  4273;  also  Committee  of  Eleven  of  .\merican  Petroleum  Institute,  American 
Petroleum  Supply  and  Demand,  New  York,  1925,  p.  44. 

'  Petroleum  Inrestigalion,  Hearings  on  H.  Res.  HI,  Washington,  1934,  p.  1401. 

'  Wallace  E.  Pratt,  "Industry  must  Drill  20,000  Wells  Y' early,"  Oil  and  Gas  Journal, 
July  10,  1931,  p.  19. 

'  L.  C.  Snider  and  B.  T.  Brooks,  "Probable  Petroleum  Shortage  in  the  United 
States  and  Methods  for  its  Alleviation,"  Bulletin  of  the  American  Association  of 
Petroleum  Geologists,  vol.  20,  No.  1,  January  1930,  p.  16. 

'  II.  J.  Wasson.  ",\merlcan  Oil-Reserve  Replenishment,"  Transactions  of  the  Amer- 
ican Institute  of  Mining  and  Metallurgical  Engineers,  Petroleum  Development  and 
Technology,  WST,  p.  230,  table  1.    Estimates  arrived  at  Jan.  1,  1937. 

'  Estimate  is  of  total  oil  reserve— oil  in  sight  as  well  as  possible  and  prospective. 
Sec  next  footnote. 

'  Petroleum  Imestigalion,  Hearings  on  H.  Res.  HI,  Washington,  1934,  pp.  1072, 1080. 

•  Cominiltce  of  Eleven  of  .\mericim  Petroleum  Institute,  American  Petroleum 
Supply  and  Demand,  New  York,  1925,  p.  59. 

"  Report  of  the  Federal  Oil  Conserralion  Board,  September  1916,  pt.  I,  Washington, 
1936,  p.  8.    Probably  estimated  a.s  of  September  1926. 

»  11.  J.  Struth,  "Who  .Said  There  Is  Too  Much  Oil  In  Sight,  Anyway?"  Oil 
Weekly,  Apr.  18,  1932,  pp.  16-18. 

"  Ralph  .\rnold  and  William  J.  Kemnitzer,  Petroleum  in  the  United  States  and 
Possessions,  New  York,  1931,  p.  51. 

"  Report  V  of  the  Federal  Oil  Conservation  Board,  Washington.  1932,  p.  7. 

»  Petroleum  Investigation,  Hearings  on  H.  Res.  4il,  Washington,  1931.  p.  1076. 

"  Petroleum  Administrative  Board,  Report  on  the  Cost  of  Producing  Petroleum, 
December  ;9.?.5,  U.  S.  Department  of  Interior,  1936,  p.  133. 

"  C.  II.  Wegemann.  "Decreasing  Reserves  and  Increasing  Prices,"  Oil  and  Gas 
Journal,  July  12.  1931.  p.  37. 

"  American  Petroleum  Institute  Quarterly,  .\pril  1938,  pp.  12,  13. 

"  .\ddress  by  C.  B.  Ames  before  the  Fourth  .\nnual  Economic  Council  for  Engi- 
neers. Johnsonburg.  N.  J .,  .\ub.  15, 1934.  Reprinted  in  Petroleum  Investigation,  Hear, 
ings  on  II.  Res.  4il,  Washington,  1934,  p.  359.  Estimate  is  probably  as  of  .\ugust  1934. 

"  J.  Elmer  Thomas,  "Estimates  of  Proved  Reserves,"  Oif  and  Gas  Journal,  July 
22,  1937,  p.  23.  Revised  on  Jan.  1,  1937,  to  approximate  what  must  have  been  in  the 
known  fields— based  on  later  knowledge. 

'"  U .  S.  Bureau  of  Mines,  "Conservation  of  Petroleum  and  of  Natural  Gas,"  Third 
World  Pouer  Conference,  sec.  IV,  Paper  No.  12,  Wnshincton,  1936,  p.  10. 

"  Valentine  R.  Garflas,  "Proven  Reserves  in  Mineral  Fuels  in  United  States," 
Transactions  oi  the  American  Institute  of  Mining  and  Metallurgical  Engineers,  Petro- 
leum Development  and  Technology,  19^i>,  p.  244. 

"  Statement  of  Alex  W.  McCoy,  Petroleum  Investigation,  Hearings  on  II.  Res.  Ul. 
1934,  pp.  I071-10S1. 

"  Statement  of  E.  W.  Marland,  Petroleum  Investigation,  Hearings  on  H.  Res.  HI, 
1934,  pp.  1439-1415.    Estimates  are  probably  as  of  the  middle  of  the  year. 

"  Statement  of  Campbell  Osborn.  Petroleum  Investigation,  Hearings  on  //.  Res.  HI, 
1934,  pp.  14.18-1403. 

"  Warren  L.  Baker,  "United  States  Crude  Reserves  Enlarged  During  1935," 
Oil  Weekly,  Feb.  10,  1930,  pp.  19-22. 

'•  Joseph  E.  Pogue,  "The  Economic  Structure  of  tlie  .American  Petroleum  Indus- 
try." Third  World  Power  Conference,  sec.  II,  Paper  No.  5,  Washington,  1930,  p.  13. 

"  V.  Garfias  and  R.  V.  Whetsel,  "Proved  Oil  Reserves,"  The  Science  of  Petroleum, 
I,  533. 

"  "Crude  Reserves  Shown  by  Fields,"  Oil  and  Gas  Journal,  Jan.  28,  1937,  p.  37. 
These  estimates  are  based  on  .American  Petroleum  Institute,  Jan.  1,  1935,  estimate 
increased  by  new  discoveries  during  1935  and/or  1936  and  decreased  by  production 
of  those  years. 

"  E.  B.  Swanson,  "Petroleum  and  Natural  Gas,"  Mimeo.  Release  #14860,  Petro- 
leum Conservation  Division,  U.  S.  Department  of  the  Interior,  November  1937. 

"  Walter  A.  Ver  Wiebe,  "Future  Reserves  of  Oil,"  Science  of  Petroleum,  I,  68-69. 

"  L.  O.  E.  Bignell,  Oil  and  Gas  .Journal,  Jan.  27.  1938,  pp.  38-39. 

"  W.  V.  Howard,  "Known  Reserves  Must  Increase  Rapidly  to  Keep  Pace  With 
Future  Demands."  Oil  and  Gas  Journal,  Feb.  10.  1938,  pp.  13-14. 

"  L.  G.  E.  Bignell,  "Reserves  of  More  Than  500.000.000  Barrels  Added  During 
1937."  Oil  and  Oas  Journal,  Jan.  27,  1938.  pp.  38-39. 

"  .\lex  W.  McCoy.  Estimate  of  Petroleum  Reserves,  United  Stales,  Ponca  City, 
Oklahoma,  January  1938. 

"  Wm.  J.  Kemnitzer,  Rebirth  of  Monopoly,  New  York,  1938,  p.  67.  Same  as  Jan. 
1,  1929,  estimate  with  cumulative  production  deducted. 

'•  Alex  W.  McCoy,  Estimate  of  Petroleum  Reserves.  United  Slates,  Ponca  City, 
Oklahoma,  September  19.38.    Estimated  as  of  Sept.  1.  1938. 

"  L.  G.  E.  Bignel.  "Reserves  of  Crude  Oil  Establish  New  High,"  Oil  and  Oas 
Journal,  January  12,  1939,  p.  20. 

""A.  P.  I.  Estimates  Reserves  at  17  Billion  Barrels,"  Oif  and  Gas  Journal, 
March  2,  1939,  p.  21. 

"  "World  Oil  Reserves  Put  at  31  Billion  Barrels,"  Oil  and  Gas  Journal,  February 
16,  1939,  p.  32. 
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In  every  year  since  1920  at  least  one  estimate  has  been 
made  of  the  petroleum  reserves.  Althougli  these  esti- 
mations have  been  made  by  a  number  of  individuals 
and  organizations,  sometimes  simply  by  computing  back 
to  prior  years,  they  are,  on  the  whole,  consistent  with 
each  other.  They  serve  to  indicate  that  the  rise  in  the 
known  reserves  of  oil  is  greater  than  the  lise  in  pro- 
duction.'^ On  January  1,  1938,  cumulated  oil  produc- 
tion in  the  United  States  amounted  to  about  20  billion 
barrels,  and  the  estimate  of  the  American  Petroleum 
Institute  indicated  that  ultimate  recovery  would  ap- 
proximate 36  billion  barrels.  Variations  among  au- 
thorities as  to  the  size  of  the  reserves  are  still  consid- 
erable. It  may  be  noted  in  table  1  that  for  January  1, 
1938,  these  estimations  vary  from  about  13  billion  to 
about  19  billion  barrels.  The  figure  for  Januarj- 1939  of 
17.3  billion  barrels  by  a  committee  of  the  American  Pe- 
troleum Institute  is  most  often  used  by  members  of  the 
industry;  the  Institute's  annual  estimates  are  built  up 
from  district  estimates  in  wliich  local  geologists  and 
engineers  participate.  During  1938  proven  reserves, 
according  to  one  estimate,  increased  bj-  nearly  1  billion 
barrels  after  allowance  for  estimated  jDroduction  of  1.2 
billion  barrels.  The  reserve  estimate  of  the  Oil  and 
Gas  Journal  for  January  1939  was  14.4  billions,  or  0.9 
billions  above  the  original  estimate  of  January  1938. 
During  the  year  reserve  revisions  and  extensions 
amounted  to  1.12  billions  and  new  discoveries  to  0.95 
billions  according  to  the  Oil  and  Gas  Jow^wl  and  to 
2.24  billions  and  0.81  billions,  respectively,  according  to 
the  American  Petroleum  Institute  Committee.'* 

Variations  among  estimations  at  a  given  time  are  not 
surprising,  since  differences  in  judgment  can  easily  be 
made  concerning  the  size  of  local  fields,  the  conditions 
in  the  reservoir,  and,  most  important,  the  recovery 
factor.'^  In  addition,  some  of  the  variations  in  esti- 
mates may  result  from  different  degi-ees  of  familiarity 
with  particular  fields.  The  difference  between  the  1938 
estimates  of  the  American  Petroleum  Institute  and  those 
of  the  Oil  and  Gas  Journal,  for  example,  relates  almost 
entirely  to  the  variations  in  estimates  for  Texas  and 
Oklahoma.  Moreover,  there  may  be  differences  in 
judgment  as  to  what  areas  can  be  considered  to  be 
proven  or  as  to  how  many  joroducing  zones  or  depths 
are  to  be  included  in  the  estimate." 


"/6iv;,,  fig.  6. 

"L.  G.  E.  Bignell,  "Reserves  of  Crude  Oil  Established  New  High," 
Oil  and  Gas  Journal,  January  12,  1939,  pp.  20-23  ;  "A.  P.  I.  Estimates 
Reserves  at  17  Billion  Barrels,"  Oil  and  Oas  Journal.  March  2.  1939, 
p.  21. 

"A  slight  variation  in  the  percentage  of  oil  in  place  that  may  be 
recovered  leads  to  a  considerable  variation  in  the  total  reserve ;  Bee 
footnote  3  of  this  chapter. 

1"  It  is  important  to  bear  in  mind  that  these  estimates  are  restricted 
to  natural  reserves  of  crude  oil,  not  including  the  potential  supply  of 
coal  or  shale,  and  that  they  relate  to  current  operating  practice  and 
make  no    allowance    for   possible   future   improvements   in    recovery   or 


Estimates  of  the  reserves  of  natural  gas  were  not 
made  until  recent  years.  As  indicated  above,  there  are 
difficulties  in  arriving  at  such  totals.  In  1930  Huntley 
and  Mason  estimated  the  reserves  of  the  gas  to  be  pro- 
duced with  oil  in  the  United  States  east  of  the  Rockies 
at  a  minimum  of  49.5  trillion  culnc  feet  (table  2).  In 
1930,  H.  O.  Caster,  of  the  Henry  L.  Doherty  Co.,  esti- 
mated a  reserve  of  30  trillion  cubic  feet. 

Table  2. — Estimates  of  natural  gas  reserves  in  the  United  States, 

1930-38 


Date  cf  estimate 


L.  G.  Huntley  and  S.  L.  Mason 

H.  O.  Caster. 

H.  A.  Ley 

V.  R.  Garfias 

Ralph  E.  Davis 

X.  Q.  McQowen 

Ralph  E.  Davis 

Ralph  W.  Richards 


May  1930. 
October  1931. 
November  1934. 
January  1935. 
May  1935. 
May  1938. 
AprU  1938. 
October  1938. 


1  L.  G.  Huntley  and  S.  L.  Mason,  "Gas  and  Coal  Reserves  in  Relation  to  Pipe 
Lines  and  Markets,"  National  Petroleum  Neics,  May  14,  1930,  pp.  34-36.  Then: 
estimate  was  49.5  trillion  cubic  feet  and  applied  only  to  gas  produced  with  oil  at  a 
ratio  of  2,250  cubic  feet  of  gas  to  the  barrel  of  oil  in  the  United  States  east  of  the 
Rockies.  If  this  ratio  is  applied  to  their  estimate  of  oil  reserves  of  8  billion  barrels  in 
California,  a  total  estimate  of  casinghead-gas  reserves  lor  the  United  States  of  about 
68  trillion  cubic  feet  is  obtained. 

2  H.  0.  Caster,  "Conservation  of  Natural  Gas  Essential,"  Oil  and  Gas  Journal, 
Oct.  22,  1931,  p.  17.    Estimate  for  13  principal  fields. 

3  Dr.  John  W.  Finch,  Director,  U.  S.  Bureau  of  Mines,  "Natural  Gas  Reserves  and 
Their  Conservation,"  American  Gas  Association  Monttily,  December  1936,  p.  433. 
Estimate  includes  gas  which  will  be  lost. 

'  V.  R.  Garflas,  "Proven  Reserves  of  Mineral  Fuels  in  the  United  States,"  A.  I. 
M.  M.  E.,  Pet.  Dec.  Tech.,  19S5,  p.  244;  also  U.  S.  Bureau  of  Mines,  Third  World 
Power  Conference,  Washington,  1936,  sec.  IV,  Paper  No.  12,  p.  12. 

s  Neil  Williams,  "Conservation  and  Utilization  of  Gas  Chief  Topics  at  New  Or- 
leans Annual  Meeting,"  Oil  and  Gas  Journal,  May  19,  1938,  p.  38. 

•  Ralph  E.  Davis.  "The  Natural  Gas  Supply  o(  the  United  States,"  presented 
before  the  Mid- West  Gas  Association,  St.  Paul,  Mum.,  Apr.  12,  1938;  also  in  Gas, 
May  193S,  p.  29. 

'  Ralph  W.  Richards,  "Natural  Gas  Reserves  of  the  United  States,"  pt.  two, 
sec.  I.  p.  296  of  this  report. 

The  natural  gas  reserves  of  the  United  States  have 
been  estimated,  as  of  the  first  part  of  1938,  at  62  trillion 
cubic  feet  by  N.  G.  McGowen,  president  of  the  Natural 
Gas  Association,  and  at  66  trillion  cubic  feet  by  Ralph 
E.  Davis,  natural  gas  engineer  (table  2).  In  a  later 
section  of  this  report,  Ralph  W.  Richards,  of  the  United 
States  Geological  Survej',  points  out  that  recent  dis- 
coveries in  California  raise  the  total  to  the  order  of 
magnitude  of  100  trillion  cubic  feet.''  On  the  whole, 
these  estimates  indicate  that  natural  gas,  as  well  as 
crude  oil,  is  being  discovered  more  rapidly  than  it  is 


changes  in  production  metliods.  For  example,  the  reserves  which  can 
be  recovered  by  mining  for  oil  are  not  included.  It  is  estimated  that 
oil  shales  could  yield  approximately  92  billion  barrels  of  crude  oil,  and 
one  estimate  is  a\ailable  which  indicates  a  possible  yield  from  coal  of 
nearly  GOO  billion  barrels.  .See  Federal  Oil  Conservation  Board, 
Report  II  to  tlie  President  of  the  United  States.  192S,  p.  4,  and  Ralph 
Arnold  and  W.  J.  Kemnitzer,  Petroleum  in  the  United  States  and 
Possessions.  New  York,  1931,  p.  51. 

"  See  pt.  two,  sec.  I,  ch.  3,  of  this  report. 
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being  coiisunii'el."  The  variution  in  I'slimaics  piobably 
results  in  part  from  (lilferences  in  the  percent a<re  of 
recovery  ii.'^ed,  i.  e..  in  allowances  for  underiiroimd  aiul 
surface  losses. 

Reserve  E.stimate.s  for  the  Individual  States  or  Regions 

As  already  indicated,  the  major  dillerences  in  the  Cbti- 
mates  of  crude-oil  reserves  relate  to  the  States  of  Okla- 
hoi»ia  and  Texas.  For  individual  Stales,  thi-ee  sots  of 
available  estimates  are  presented  in  table  3,  which  indi- 
cates that  for  Texas  the  maximum  estimate  is  41  percent 
•rieater  than  the  minimum,  and  tliat  for  Oklalinma  the 
maximum  is  55  percent  greater  than  the  minimum.  The 
estimates  of  Alex  W.  McCoy  are  tiie  largest  for  Okla- 
homa and  Kansas,  wjiereas  for  Texas  the  hu-gest  esti- 
mate is  that  of  the  American  Petroleum  Institute. 

Taulk   3. — Comparative   estimates   of   crude  petroleum    in    the 

United  States,  hy  districts,  January  1,  193S 

[Millions  of  42-gallon  barrels] 


CalKomia 

Rocky  MouDtain  States: 

Wyoming 

Montana 

Colorado 

Total 

Central  and  Soutlicm  States: 

New  Mexico 

Texas 

Oklahoma 

Kansas 

.\rkansas 

Louisiana 

Total. - 

Eastern  States; 

Illinois 

Indiana 

Kentucky 

Michigan 

New  York — 

Ohio 

Pennsylvania.- . 

West  Virginia 

Total 

Total,  United  States 


American 

Petro- 
leum In- 
stitute > 


3,003 


260 

109 

19 


Oil  and 
Gas 

Journal ' 


2.890 


Max  W. 
McCoy* 


Maxi- 
mum 
esti- 
mates 


Percent 
maxi- 
mum 
over 
mini- 
mum * 


20 


215 
47 
14 


312 
109 
20 


547 

623 

430 

8,248 

6,868 

5.870 

1,212 

952 

1,480 

601 

036 

747 

192 

80 

138 

713 

595 

698 

!l.  -.13 

9.  7.S4 

9.363 

623 

8,248 

1.480 

747 

192 

713 


12.203 


.ill 
3 

11 

31 

30 

43 

78 

2'-, 

40 

14 
133 
41 


45 
41 
55 
24 
140 
20 


IS 

lS,s 
13 


29 
320 
28 
83 
136 
95 
60 


25 

2b 

110 

570 

602 

12  !»0'* 

16,309 

'  American  PdroUum  [mlilule  Quarltrlt/,  April  193S,  (i.  I";  also  in  Oil  and  Gat 
Journal,  Feb.  24. 1933,  p.  44. 
'  Oil  and  Oas  Journal,  Jan.  27, 1938,  p.  39. 

•  Alex  W.  McCoy,  Estimate  o/  Pet-oleum  Resenes,    United  States,  Ponca  City, 
Okla.,  Jan.  6, 1938. 

*  Calculated  from  figures  expressed  in  thousands  of  42-gallon  barrels. 


".■\lthough  the  e.stimate  of  H.  A.  Ley  of  75  trillion  cubic  feet,  in 
November  1934.  is  higher  than  most  recent  estimates,  it  should  be 
noted  that  it  included  gas  which  would  be  lost  and  may  have  included 
some  estimates  for  unproven  areas. 


If,  for  each  of  the  Stales,  the  maximum  of  the  esti- 
mates in  table  3  is  used,  an  estimate  of  1G.3  billion  bar- 
rels of  crude  oil  is  obtained  for  the  country  as  of  Janu- 
ary 1,  1938.  It  can  be  argued  that  this  estimate  is  as 
acceptable  as  the  other  tlu'ee.  In  any  event,  it  is  clear 
from  all  estimates  that  roughly  half  the  total  proven 
crude  oil  reserves  of  the  country  are  located  in  Texas. 
Particularly  within  the  past  5  years  Texas  reserves  have 
been  discovered  much  more  rapidly  than  oil  has  been 
produced.  Other  considerable  increases  in  reserves  be- 
tween January  1934  and  January  1939  were  recorded 
for  Louisiana,  Kansas,  New  Mexico,  California,  and 
Illinois. 

Among  gas-pro( hieing  regions,  by  far  (lie  largest  re- 
serves arc  located  in  tlie  midcontinent  and  Gulf  coast 
sections.  Davis  estimates  that  these  two  districts  ac- 
count for  51  trillion  cubic  feet  of  natural  gas  reserves, 
or  nearly  80  percent  of  the  national  total  (table  4)." 
The  estimate  of  McGowen  is  4  trillion  cubic  feet  less. 
For  California,  Davis  presented  an  estimate  of  6.9  tril- 
lion cubic  feet,  whereas  a  previous  estimate  of  11  trillion 
cubic  feet  or  more  had  been  made,-"  and  a  much  larger 
estimate  has  recently  been  published." 

Tablk  4. — Extimiites  of  nnturat-gas  reserves  in  the  United 
States,  hy  districts,  19S8 


Kalph  E. 
Da\-is  1 

W 

McO 

0. 
owen « 

Appalachian  district      .  ...........  ,  ,..  ,. , ....  . 

(Irilliom  of 

cubic  feet) 

6.0 

.1 

51.0 

1.5 

6.9 

.5 

'  (trillions  of 
cubic  feet) 

North  Central  States 

Midcontinent  and  Gulf  coast 

'47.0 

Rocky  Mountain  region  .       ----.      ...      .  .  .  .  - 

California          .  . ... 

Unaccounted  for , 



Total 

66.0 

62.0 

'  Ralph  E.  Davis,  "The  Natural  Oas  Supply  of  tin;  I  i.itnl  jiates,"  presented 
before  Mid-West  Oas  .\ssociatlon,  St.  Paul,  Minn.,  .\pr.  12,  1938;  also  in  Oai,  May 
1938,  p.  29. 

'  Nell  Williams,  "Conservation  and  Utilization  of  Gas  Chief  Topics  at  New  Orlean? 
.Annual  .Meeting."  Oil  and  Oas  Journal,  May  19,  1938,  p.  3'. 

•  Includes  all  of  New  Mexico. 

The  two  largest  gas  fields  in  the  country  are  the  Pan- 
handle field  in  Texas  and  the  Hugoton  field  in  western 
Kansas  and  Oklahoma.  These  two  fields  comprise 
nearly  half  the  known  reserves  in  the  entire  United 
States."^  The  Amarillo  field  was  estimated  in  193G  to 
contain  over  16  trillion  cubic  feet.-'     The  Hugoton 


"The  pas  reserves  of  the  .Appalachian  district  were  recently  esti- 
mated by  E.  E.  Roth,  of  the  Columbia  EnRinecrinc  Corporation,  at  5 
trillion  cubic  feet  in  comparison  with  the  0  trillion  cubic  feet  given 
in  the  above  table.      Oil  and  Oas  Journal,  April  21.  1938,  p.  25. 

=»  Finch,  Joe.  cit. 

"  See  statement  by  Ralph  W.  Richards,  pt.  two,  sec.  I,  ch.  .3,  of  this 
report. 

==  Ralph  E.  Davis,  "The  Natural  Gas  Supply  of  the  United  States," 
Gas,  May  19.38,  p.  29. 

^  Finch,  loc.  cit. 
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field  was  estimated  in  1938  to  contain  over  14  trillion 
cubic  feet.'*  One  of  the  greatest  problems  in  the  nat- 
ural gas  industry  relates  to  the  location  of  the  great 
reserves  in  the  southwestern  Great  Plains  district,  far 
from  centers  of  consumption.  For  example,  to  bi-iag 
natural  gas  from  the  Southwest  to  the  industrial  North- 
east involves  heavy  expenditures  for  rights  of  way  and 
construction,  as  well  as  high  operating  costs  in  main- 
taining pressures.^^  The  cost  of  transportation  sets 
limits  to  the  value  of  these  natural  gas  reserves. 

Variations  in  Quality  of  Reserves 

Estimates  of  the  quantities  of  oil  and  gas  in  reserves 
do  not  disclose  their  value,  because  properties  of  oil 
and  gas  vary  widely.  Perhaps  the  most  important  in- 
dicator of  the  quality  of  crude  oil  is  its  specific  gravity, 
which  is  usually  directly  related  to  the  percentage  of 
gasoline  that  can  be  obtained  by  straight-run  methods. 
It  also  laears  some  relationship  to  the  additional  frac- 
tions of  gasoline  which  can  be  secured  by  the  cracking 
of  the  balance  of  the  crude.-"  Consequently  the  price 
of  crude  within  a  district  will  depend  primarily  on  the 
gravity  of  the  crude.^'  Among  districts,  price  differen- 
tials of  course  I'eflect  differences  in  i^lace  utility  as  well 
as  in  gravity. 

Unfortunately,  no  attempts  have  been  made  to  clas- 
sify reserves  according  to  gravity.  Some  indication, 
however,  may  be  obtained  frt)m  a  consideration  of  the 
crude  produced  from  present  producing  fields.  At  least 
the  horizontal  extension  of  present  fields  is  likely  to 
yield  a  crude  of  about  the  same  chemical  characteristics 
as  that  being  produced  in  the  older  part  of  the  field. 
It  would  be  logical,  then,  to  expect  that  the  extension 
of  reserves  in  the  Rocky  Mountain  district,  in  the  Texas 
inland  areas,  and  in  the  Oklahoma-Kansas  fields  would 
result  in  obtaining  reserves  of  relatively  light  gravity. 
There  is  the  same  likelihood  that  the  extension  of  pools 
in  the  Gulf  coast  district  and  in  much  of  California 
would  add  to  reserves  in  crude  oils  of  relatively  heavy 
gravity.  On  the  other  hand,  the  gravity  of  the  oil 
now  being  produced  from  a  field  furnishes  little  indi- 
cation of  the  gi-avity  of  the  oil  in  tlie  reserves  lying 
111  deeper  strata  in  the  same  area.    Indeed,  in  the  Gulf 


=»  Oil  and  Giis  Journal,  July  14,  193S.  p.  27. 

-■•  H.  Stanley  Norman,  "Ricbest  Market  for  Natural  Gas  Awaits  Pipe 
Line  Builders."  Oii  and  Gas  Journal,  September  22.  1938,  pp.  59.  80. 
In  addition  tliere  is  tlie  cost  of  converting  manufactured-gas  distribu- 
tion and  consumer  facilities  to  those  suitable  for  natural  gas. 

™  For  average  yields  of  gasoline,  both  straight-run  and  cracked,  by 
districts,  see  U.   S.  Bureau  of  Mines,  llinerals   Tearhook,   1938,  p.  S69. 

"Thus,  in  the  Texas  Gulf  const  area  in  M.ircb  1939  crude  oil  brought 
from  $0.78  per  barrel  for  gravities  of  18°  and  19'  A.  P.  I.  (heavy)  to 
$1.28  per  barrel  for  gravities  of  40°  A.  P.  I.  and  over  (light).  Oil 
and  Oas  Journal,  March  31,  1939,  p.  234. 
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coast  fields  of  Louisiana  and  Texas  the  tleeper  pro- 
ducing horizons  very  often  yield  a  crude  of  unusually 
light  gravity,  some  yieldmg  a  distillate  almost  suitable 
for  a  motor  fuel  without  refining.-'* 

Variations  in  the  percentage  of  sulphur  also  affect 
somewhat  the  quality  of  the  crude,  but  improvements 
m  refining  methods  have  made  it  possible  to  obtain  a 
satisfactory  gasoline  from  sulphurous  oils,  hence  they 
usually  sell  at  only  a  small  discount.  The  percenfage 
of  sulphur  in  reserves  in  different  sections  of  the  coun- 
try may  be  determined  to  a  high  degree  of  accuracy 
from  analysis  of  core  samples  as  well  as  from  an  ex- 
amination of  crude  already  produced.-' 

In  the  case  of  natural  gas  also  the  amount  of  sulphur 
is  an  important  consideration  in  judging  the  quality  of 
the  reserves.  For  example,  that  part  of  the  Panhandle 
gas  field  which  produces  "sour"  gas  obtains  less  for  its 
product  than  does  the  "sweet"  gas  section  of  the  field. 
So  far  as  is  known,  the  reserves  in  the  great  Hugoton 
field — southwestern  Kansas  and  the  Panhandle  of  Okla- 
homa— contain  sweet  gas. 

Average  Depth  of  Reserves 

The  average  depth  of  each  field  which  is  included  in 
the  estimate  of  proven  reserves  is,  of  course,  known,  but 
no  attempt  has  been  made  to  present  reserve  data  ac- 
cording to  average  depth,  either  by  fields  or  by  States. 
The  average  depth  of  a  field  gives  some  indication  of 
the  cost  of  obtaining  the  raw  materials.  Although  most 
of  the  shallower  oil  and  gas  fields  in  the  country  have 
probably  been  discovered  and  exploited,  it  is  not  un- 
likely that  many  new  fields  will  be  discovered  at  depths 
of  less  than  3,000  feet;  yet  most  of  the  major  discoveries 
of  the  last  decade  have  been  in  areas  where  the  oil  and 
gas  strata  lie  from  3,000  to  7,000  feet  below  the  surface. 
Some  indication  of  the  average  depth  of  future  pro- 
ducing fields  can  be  obtained  from  data  relating  to  the 
shallowest  strata  in  new  fields.  In  1898,  for  example, 
the  fields  discovered  were  only  a  few  hundred  feet  be- 
low the  surface.  The  average  depth  has  increased  until 
fiekLs  discovered  in  the  early  1930's  had  averaged  ap- 
proximately 4,000  feet  below  the  surface  (fig.  C).^''  Ac- 
companying this  development  has  been  an  increase  in  the 
maximum  depths  drilled.    Whereas  in  1890  rhe  deepest 


^Tbe  same  applies  to  the  Medicine  Bow  field,  one  of  the  newer  fields 
in  Wyoming,  Oil  and  Gas  Journal,  AprU  28,  1938.  p.  75.  i'et  other 
deep  wells  liave  yielded  medium  gravity  crudes.  Oil  Weekly,  July  25, 
19.38,  pp.  70,  122. 

®  See  Wilbur  F.  Cloud,  Petroleum  Production,  University  of  Okla- 
home  Press,  1937,  table  X,  p.  144,  for  sulphur  content  of  crude  from 
major  oil  fields. 

2"  O.  E.  Kiessliug.  II.  O.  Rogers.  G.  R.  Hopkins,  and  others.  Technol- 
ogy, Eniplnymcnt,  and  Output-Per-Man  in  Petroleum  and  Xatural-Gas 
Production.  National  Research  project.  W.  P.  A.  Report  BI-IO,  1939 
(in  press)'. 
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well  extended  to  approximately  5,500  feet,  in  1938  an  oil 
well  had  been  drilled  to  slightly  more  than  15,000  feet."'"' 
Moreover,  the  large  number  of  wells  drilled  below  8,000 
feet  in  the  Louisiana  and  Texas  coastal  fields  has  led  to 
the  discovery  of  new  reserves,  while  in  California  a 
much  higher  percentage  of  the  very  deep  wells  has 
been  dry.  A  few  of  these  deep  wells  in  the  coastal  re- 
gion as  well  as  in  California  have  been  gas  producers. 
The  deepest  producing  well  in  1938  was  the  Fobs  Oil 
Co.'s  Buckley  No.  1,  in  Louisiana,  which  for  a  lime  pro- 
duced oil  at  a  depth  of  approximately  13,300  feet. 

Differences  in  the  depth  of  the  crude  oil  reserves  and 
in  the  rock  formations  through  which  wells  must  be 
drilled  have  a  dirocL  bearing  on  the  cost  of  production. 
The  latest  available  data  on  the  distribvition  of  jjetro- 
leum  reserves  in  the  United  States,  according  to  esti- 
mated cost~s,  are  those  issued  by  the  Petroleum  Admin- 
istration Board  as  of  1934  (table  5).  These  estimates 
indicate  that  about  85  percent  of  the  I'eserves  could  be 
produced  at  a  cost  of  less  than  $1  per  bari'el.  The  next 
10  percent  of  the  reserves  could  be  recovered  only  at 
costs  rising  to  $1.60  per  barrel. 

Table  5. — Petroleum  reserves  classified  within  cost  limits, 
United  f?tatcs,  1934 


Production  cost 

p«r  barrel 

Producible 

within  cost 

limits 

Cumulative 

$O-$0.39 

Percent 
16.30 
45.92 
22.47 
5.39 
4.50 
2.57 
2.85 

Perrtnt 

16.30 

J0.40-$0.79 

62.22 

$0.S0-$O.99 

84.69 

81.00-fl.l9 

90.08 

$1.20-$1.59 

94.58 

$1.60-51.99 

97.15 

$2.00  and  above.     -  — -.  ...  .  - 

100.00 

Total 

100.00 

Source :  Compiled  from  reports  submitted  to  the  Petroleum  .Adminis- 
tration Board  in  connectiou  with  its  study  of  cost  of  producing  crude 
petroleum. 

Ownership  of  Reserves 

Practically  all  the  acreage  in  proven  areas  has  been 
leased,  and  most  of  it  is  controlled  either  directly  or 
indirectlj-  by  major  oil-producing  companies. 

At  the  end  of  1925  the  successor  companies  of  the  old 
Standard  Oil  Co.  of  New  Jersey  controlled  47.4  percent 
of  the  acreage  in  proven  oil-producing  territory.  Al- 
though all  these  holdings  were  not  in  rich  producing 
areas,  consolidations  since  1925  and  (lie  acquisition  of 


further  reserves  by  tlie  Siandaid  Oil  groups  have  sub- 
stantially raised  this  percentage  and  raised  the  average 
quality  of  the  holdings.^'  Recent  detailed  data  indicate 
that  a  large  percentage  of  re.ser\es  is  now  controlled 
by  the  following  companies:  Standard  Oil  Co.  (New 
Jersey)  and  its  subsidiaries,  the  Humble  Oil  aiul  Re- 
fining Co.  and  the  Creole  Petroleum  Corporation;  Gulf 
Oil  Corporation;  Standard  Oil  of  Ciilifornia;  Texas 
Corporation;  and  Socony- Vacuum  Oil  Co.''= 

Foreign  reserves  controlled  by  American  companies 
may  be  considered  possible  additions  to  reserves  in  the 
United  States,  although  the  ability  of  these  companies 
to  export  crude  to  America  might  be  called  into  ques- 
tion by  the  respective  national  governments  once  a 
"petroleum  famine"  is  threatened.  In  any  event,  these 
American  concerns  have  many  foreign  markets,  espe- 
cially in  Europe.  de]>endent  on  crude  sujjplies  from 
South  America  and  other  oversea  sources.  In  Colombia 
theTe.xas  Corporation  and  the  Socony-\'n(uum  Oil  Co. 
hold  the  largest  concession  of  potential  reserves,  a  block 
of  1,200,000  acres  in  the  territory  adjacent  to  Venezuela. 
In  Venezuela,  which  ranks  third  in  national  output,  the 
Standard  Oil  Co.  (New  Jersey)  controls,  roughly, 
6,000.000  acres  of  proven  and  likely  reserves.  The 
holdings  of  the  Gulf  Oil  Corporation  may  approximate 
4,000,000  acres  and  those  of  the  Royal  Dutch  Shell  Co. 
2,000,000  acres.-" 

Only  a  small  percentage  of  the  present  oil  and  gas 
reserves  is  owned  by  the  Federal  Government,  the  oil 
reserve  being  estimated  from  0.5  billion  to  1.0  billion 
barrels.^'  In  1935  the  production  of  petroleum  on 
United  States  public  lands  amounted  to  only  28  million 
barrels."  Total  oil  reserves  owned  by  the  several  states 
probably  e.xceed  Federal  reserves. 


*"  Ralph  Arnold  and  William  J.  Kcnnitzor,  Petroleum  in  the  United 
States  and  Possessions,  1931,  p.  00;  "The  Peepest  Hole  In  the  World," 
Fortune,  Jul.v  1938,  p.  50:  T.  P.  Sanders.  "Deep  Woll  is  Providing 
Grounds  for  Newest  Methods,"  Oil  and  Gas  Journal,  April  28,  1938, 
p.  46. 


1  Federal  Trade  Commission,  Petroleum  Industry:  Prices,  Profits, 
and  Competition.  1928,  p.  78. 

==Froin  estimates  presented  in  the  Monthly  Market  Letter  of  Goodbody 
and  Co.,  March  16,  19.'!9.  The  estimated  reserves  of  American  oil  com- 
panies in  the  United  States  and  abroad,  in  millions  of  barrel.s,  are 
as  follows:  Amerada.  210;  Atlantic  Refining,  210;  BarnsduU.  21.T;  Con- 
solidated, 500;  Continental,  310:  Creole.  500;  Gulf,  1.280;  llumblo. 
1,400  ;  Lion,  SO  ;  Ohio.  525  ;  Phillips,  300  ;  Pure,  4r)0  ;  Seaboard,  ITO  ; 
Shell  Inion.  500;  Skill.v,  l.")5;  Soeony-Vacuum.  1.090;  S.  O.  of  Call 
fornia,  1,100;  S.  O.  of  Indiana,  520;  S.  O.  of  New  .lersey,  .•{,800;  Sun, 
263;  Texas,  1,100;  Tide  Water  Associated,  329;  and  Union  Oil  of 
California,  275. 

"  "Gulf  Oil,"  Fortune,  October  1937,  pp.  87,  148.  According  to  Harry 
W.  Laldler,  it  was  estimated  In  1930  that,  of  the  output  of  crude  oil, 
American  companies  controlled  the  following  percentages :  Colombia, 
100  ;  Peru,  81 ;  Mexico.  71  ;  Canada,  59  ;  Venezuela,  40 ;  Trinidad,  13  ; 
Poland,  7  ;  Rumania.  7  ;  Dutch  IC.ast  Indies,  2,  Concentration  of  Con- 
trol in  American  Industr/i,  New  York,  1931,  p.  24. 

^PctroUum  Invistiffation,  lO.n,  pp.  747,  2830.  William  ,1.  Kemnitzer 
estimates  that  United  States  petroleum  reserves  of  0.7  billion  barrels 
would  be  doubled  if  deeper  sands  were  developed.  The  reserve  would 
further  be  increased  by  1  billion  barrels,  raising  the  ultimate  supply  to 
2.4  billions,'if  the  Navy  were  successful  in  obtaining  title  to  the  sub- 
merged lands  ofr  the  coast  of  California.  Rebirth  of  Monopoly,  New 
Yorlt,  1938,  p.  72. 

''"  U.  S.  Geological  Survey  data,  publi.shed  in  Petroleum  Faets  and 
Figures,  1937,  p.  88. 
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Discovery  of  Reserves 

Rate  of  Finding  and  Relation  to  Production 

Estimates  of  aiimuil  discoveries  of  oil  reserves,  made 
in  1936  by  H.  J.  Wasson,  indicate  the  erratic  course  of 
discovery  (table  6).  Findings  rose  rapidly  during  the 
later  1920's  to  a  peak  in  1930  of  4  billion  barrels,  and 
then  fell  sharply  before  recovering  to  a  peak  of  2.25 
billion  barrels  in  1937.  Although  the  rate  of  discovery 
bears  a  certain  relationship  to  industrial  activity, 
chance  factors  have  a  considerable  influence  on  the 
amounts  which  are  added  to  known  reserves  each  year. 
It  is  clear,  however,  that  in  every  year  since  1920  some 
reserves  have  been  added  and  that  the  cumulative  curve 
of  ultimate  production  has  risen  (fig.  9).^° 

Table  6. — Estimated  petroleum  reserves  in  the  United  States, 

1919-37 

[Millions  of  42-gaUon  barrels] 


Esti- 
mated 
reserve 

dis- 
coveries 

Domes- 
tic pro- 
duction 

Esti- 
mated 
net  re- 
serve 
change 

Esti- 
mated 

total 
proved 
reserve 
at  end 
of  year 

Estimated  years' 
supply 

Year 

In  terras 
of  future 
produc- 
tion' 

In  terms 
of  cur- 
rent pro- 
duction ' 

7,534 
7,676 
8,004 
8,247 
8,315 
8,401 
8,447 
9,223 
9,675 
10,  710 
10.803 
13.  905 
13.  571 
13.816 
13,410 
13,202 
13,  605 

13,  405 

14,  379 

15,  254 

10.4 
9.9 
9.9 
9.9 
9.8 
9.9 
9.5 
10.0 
10.0 
10.5 
10.3 
12.1 
11.3 
11.1 
10.4 
9.9 
9.8 
9.3 
9.7 
10.2 

1920                   -  ... 

585 

800 

800 

800 

800 

810 

1,547 

1,353 

1.936 

1,100 

4,000 

517 

1.030 

500 

700 

1,400 

900 

2.252 

2,076 

443 

472 

557 

732 

714 

764 

771 

901 

901 

1,007 

898 

851 

785 

906 

908 

997 

1,100 

1,278 

1,201 

4-142 

4-328 

4-243 

4-68 

4-86 

4-46 

4-776 

4-452 

4-1,035 

4-93 

4-3, 102 

-334 

4-245 

4-406 

-208 

4-403 

-200 

4-974 

4-875 

17.3 

1921          

17.0 

1922       

14.8 

1923          

11.4 

1924 -  — 

1925         

11.8 
11.1 

1926       

12.0 

1927           

10.7 

1928     

11  9 

1929           

10.7 

1930     

15.5 

1931              

16.0 

1932 

17.6 

1933          

14.8 

1934                        -  . 

14.5 

1935          

13.6 

1936 

12.1 

1937          

11.3 

1938' -.- 

12.7 

1  In  order  to  obtain  the  estimated  life  of  the  reserve  as  of  the  end  of  any  indicated 
year,  the  subsequent  production  is  accumulated  until  equal  to  the  estimated  reserve. 
After  1937  a  projection  of  production  figures  was  made  by  adding  for  each  year  3 
percent  of  the  1937  production,  or  38,340,000  barrels.  On  the  basis  of  average  annual 
discoveries  of  900  million  barrels  and  production  figures  which  increase  32  million 
barrels  per  year  from  an  estimated  1936  level  of  1,073  indlion  barrels,  Wasson  in  1936 
calculated  that  at  the  end  of  1942  there  would  be  an  8.1  estunated  years'  supply. 

'  Ratio  of  reserve  at  end  of  year  to  production  during  the  year. 

J  Production  figures  preliminary.  Oil  and  Oas  Journal,  lanuaty  12,  1939,  p.  20 
and  January  26,  1939,  p.  77. 

Source:  Based  primarily  on  H.  J.  Wasson,  ".\merican  Oil-Reserve  Replenishment," 
Tranmclions  of  the  American  Institute  of  Mining  and  Metallurgical  Engineers, 
Petroleum  Development  and  Technology,  1937,  p.  230;  also  in  Oil  and  Gas  Journal, 
Jan.  27,  1938,  p.  38,  and  U.  S.  Bureau  of  Mines,  Minerals  Yearbook,  I9S8,  p.  815. 

Wasson  estimates  that  in  each  year  of  the  1920's  re- 
serve discoveries  exceeded  domestic  production,  with 
the  greatest  net  additions  to  proved  reserves  being  made 
in  1926  and  1928.    In  1930  discoveries  were  more  than 


four  times  production,  but  during  the  next  6  years  dis- 
coveries a^■eraged  less  than  withdrawals  from  the  re- 
serves. On  the  other  hand,  in  1937,  with  the  great  in- 
crea.se  in  discoveries,  approximately  1  billion  barrels  net 
were  added  to  proven  reserves  (table  6).^'  The  net 
addition  in  1938  was  nearly  as  great. 

The  estimates  of  rates  in  oil  finding  by  Wallace  E. 
Pratt  also  indicate  a  peak  in  the  period  1926-30  (table 
7).  Of  the  196  major  oil  fields  discovered  in  the  United 
States  from  the  end  of  1900  to  the  end  of  1935,  59  fields, 
or  30  percent,  were  found  during  that  5-year  period.  In 
the  next  5  3^ears,  1931-35,  discoveries  decreased  and  only 
11  new  fields  were  brought  into  production,  or  about  the 
same  as  the  number  brought  in  during  the  early  twen- 
ties, when  there  was  such  a  fear  of  exhaustion  of  re- 
serves. Within  recent  years  an  increasing  percentage  of 
new  major  fields  has  been  found  by  geophysical  meth- 
ods and  smaller  proportions  by  geological  methods  and 
by  obvious  evidence  (table  7). 

Table  7. — Major  oil  fields  discovered  in  successive  5-year  pe- 
riods, classified  as  to  methods  of  discovery,  United  States, 
1901-35 


Period 

1 

g 

3 

1 

B 

g 

B 

s 

B 

z 

a 

1- 

s 

3 

z 

c 
o 

o 

M 
e 

3 

z 

10 
5 
18 
23 
40 
59 
41 

196 

a 
S 

1901-05 

2 
2 
3 
1 

13 
5 
5 

31 

20 
40 
16.7 

4.3 
32.5 

8.5 
12.2 

7 
2 
8 
4 
10 
5.5 

70 

40 

44.5 

17.4 

25 

9.3 

0 

1 
1 

7 
17 
17 
37 
12.5 

10 

20 

35.9 

73.9 

42.5 

0 
0 
0 
0 
0 

9.3 
55.0 

1 

6 
1 

0 
0 
0 

4.3 
0 

10.2 
2.4 

ino 

1906-10     

iflfl 

1911-15 

inn 

1916-20        

100 

1921-25 

100 

1926-30 

62.71     5.5 

ion 

1931-35 

30.6 

22.5 

100 

Total 

15.8 

36.5 

18.6 

92.6 

47.3 

28.0 

14.3 

8 

4.1 

100 

'  Discoveries  resulting  from  purely  random  drilling. 

2  Discoveries  resulting  from  obvious  evidences. 

3  Discoveries  resulting  from  geological  observation. 

'  Discoveries  resulting  from  geophysical  investigation. 

5  Discoveries  resulting  from  drilling  deeper  in  territory  already  producing  in  shallow 
sands. 
•  Total  discoveries  since  1900  by  5-year  periods. 

Source:  Wallace  E.  Pratt,  "Discovery  Rates  in  Oil  Finding,"  Oil  and  Oas  Journal, 
Mar.  25,  1937,  p.  46. 

The  comparative  drop  in  findings  is  more  sharply  in- 
dicated by  a  classification  of  annual  discoveries  in  terms 
of  quantities.  Of  the  total  discoveries  during  the  jDeriod 
1901-35,  roughly  40  percent  (or  an  annual  average  of 
about  2.2  billion  barrels)  occurred  from  1926  to  1930, 
inclusive.  In  the  following  5  years  the  annual  average 
dropped  to  0.7  billion  barrels,  or  only  13  percent  of  the 
total.  These  increases  in  reserves  were  less  than  those 
made  in  the  period  1921-25,  when  approximately  16 


'  Kiessling,  et  at.,  op.  cit. 


"It  should  be  noted  that  in  table  6  the  estimate  of  reserves  at  the 
end  of  19.37  was  14.4  billion  barrels  in  contrast  with  an  estimate  of 
1.5.5  billion  barrels  by  the  American  Petroleum  Institute.  Consequently, 
it  is  possible  that  Wasson's  annual  estimates  ot  discoveries  may  hare 
erred  on  the  conservative  side  by  a  cumulative  total  of  about  1  billion 
barrels  since  1920. 
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percent  of  (he  total  ^vil^5  foiind.^*  Garfias  and  Wlietsel 
contrast  tlie  aiunial  average  findings  of  the  years 
1931-34  of  0.;i8  billion  barrels  with  the  average  produc- 
tion of  0.87  billion  barrels  and  conclude  "that  very  im- 
portant new  discoveries  are  necessary  in  the  near  future 
to  compensate  for  aggregate  depletions."  ^° 

For  natural  gas  the  list  of  estimates  of  proven  re- 
serves does  not  extend  back  far  enough  to  indicate  sat- 
isfactorily the  growth  of  reserves  or  to  make  possible 
any  clear  comparison  of  the  relation  between  increases 
in  reserves  and  rate  of  consumption.  The  estimates  do 
suggest,  however,  that  new  discoveries  have  exceeded 
consumption,  at  least  during  the  1930's  (table  2).  In 
relation  to  past  production,  present  reserves  loom  larger 
for  natural  gas  than  for  ]>etroleuin.  The  relation  be- 
tween cumulative  production  and  reserves  indicates  that 
more  petroleum  has  been  produce<l  than  is  at  present 
''in  sight ;"  whereas,  natural  gas  reserves  are  probably 
half  again  as  large  as  total  production  to  date.^" 

Sizai)Ie  supplies  of  natural  gas  are  discovered  acci- 
dentally. To  some  extent  the  growth  of  proven  re- 
serves of  natural  gas  will  depend  on  the  search  for  oil. 
Moreover,  since  approximately  half  of  the  natural  gas 
is  produced  in  association  witli  crude  oil,  it  is  safe  to 
say  tliat  tlie  rate  of  discovery  of  new  gas  reserves  will 
vary  somewhat  in  relationship  to  the  actual  dis- 
covery of  crude  oil.  Yet  it  is  possible  that  the  develop- 
ment of  the  newer  methods  of  oil  production,  under 
wliich  natural  gas  is  conserved  underground  or  even 
reintroduced  into  the  wells  to  maintain  natural  pres- 
sure for  lifting  purposes,  may  retard  somewhat  the 
availal)ility  of  natural  gas  for  commercial  use. 

Location  of  New  Reserves 

A  large  percentage  of  the  reserves  discovered  be- 
tween 1933  and  1938  were  found  in  Texas,  Louisiana, 
and  Kansas  (table  S)."  Moreover,  from  January  1938 
to  January  1939  the  most  important  discoveries  of  new 
reserves  were  in  the  coastal  districts  of  Texas  and 
Louisiana,  and  to  a  lesser  extent  in  California  and  Illi- 
nois."'- Texas  continues  to  account  for  more  tlian  half 
the  proven  reserves. 


NuWBtn  or  FICLOS 


^^  Wallace  E.  Pratt,  "Discovery  Rates  in  Oil  FindinR."  Oil  and  Gas 
■Idunial.  Manh  25,  1937,  p.  40. 

^^'  (iarfias  and  Whetsel.  toe.  rit. 

<"  t'p  to  the  boginning  of  10:i.S  the  cumulative  production  of  petroleum 
ipproxiiTiatod  20  billion  barrels,  whereas  the  reserves  approximated  10 
liilliiin  liarrels.  On  the  other  han<l.  for  natural  gas,  cumulative  produc- 
tion approximated  40  trillion  cubic  feet,  whereas  reserves  were  62  to  66 
trillit)n  cubic  feet.  See  pt.  two,  sec.  1,  ch.  2,  fig.  6,  of  this  report;  and  pt, 
two,  sec.  I,  ch.  .S,  fig.  0  of  this  report. 

"  I't.  two,  sec.  I,  ch.  2,  table  ."i,  of  this  report ;  and  Alex  W.  McCoy. 
Entimate  of  Petroleum  Itenerves,  United  States.  I'onca  City,  Oklahoma. 
.Tanuary  1938,  pp.  2.3-41. 

^^  Oil  and  Oa^s  Journal,  January  12.  1939,  pp.  20-23,  and  March  2. 
1939,  p.  21. 
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FIGUUE  2.— Discovery  of  .New  Oil  Fields,  by  Decades,  1800  1930. 

Likelihood  of  Extending  Proven  Reserves 

In  the  past,  pro\en  petroleum  and  natural-gas  re- 
serves have  increased  fast  enough  to  keep  up  with  pro- 
duction. Since  much  of  the  total  output  comes  from 
flush  pools,  operators  have  extended  exploration  more 
or  less  in  relation  to  the  rise  in  consuming  activity. 

The  likelihood  of  extending  old  producing  fields  is 
probably  greater  than  that  of  discovering  new  sources 
of  oil  or  gas.  In  fact,  in  the  last  few  years  additional 
reserves  have  been  recorded  moi-e  thi-ough  an  upward 
revision  of  estimates  of  pi-eviously  discoveicd  fiekls." 
After  a  period  of  production,  many  fields  have  been  ex- 
tended either  by  drilling  to  deeper  strata  or  by  drilling 
in  adjacent  territoi-y.  One  of  the  most  dramatic  ver- 
tical extensions  of  an  old  field  was  the  tapping  of  deeper 
])ro<lucing  horizons  in  the  Santa  Fe  Springs  field  in 
California  in  1929.  Production  increased  from  16  mil- 
lion l)arrels  in  1928  to  77  million  barrels  in  1929.''^ 
Spindletop,  a  comparati\i'ly  old  field,  was  revived  in 
1927  by  deep  drilling.  Perhaps  a  majority  of  the  new 
fields  discovered  in  the  last  decade  have  been  extended 
over  a  wider  area,  sometimes  by  deeper  or  shallower 
drilling  in  contiguous  sections.  For  example,  the  Okla- 
homa City  field  was  enlarged  by  the  Capitol  extension 
in  193G,  and  the  Panhandle  field  in  Texas  was  consider- 
ably extended  in  1929. 

The  discovery  of  new  oil  and  gas  fields  depends  upon 
a  number  of  factors,  but  more  imixntaiit  [irobably  are 
changes  in  prices  of  oil  or  gas,  changes  in  business  con- 
ditions, the  development  of  exploration  methods  or 
drilling  techniques,  and  mei-e  chance  discovery.    Some 


*^  See  E.  B.  Swanson,  Petroleum  and  Natural  Qaa,  minieograpl'ed  re- 
lease of  the  I'etroleum  Conservation  Division,  U.  S.  Deparlment  of  the 
Interior,  November  1937,  p.  2.  The  American  Petroleum  Institute  Quar- 
terly, April  1938,  p.  12,  shows  that,  in  1037,  2.8  billion  barrels  were 
added  to  reserves  by  the  revisions  of  estimates  for  old  fields  and  only 
0.9  billion  barrels  by  discovery  of  new  reserves. 

"  U.  S.  ISureau  of  Mines,  Mineral  Itesourees  of  the  United  fftates, 
1929,  pt.  II,  p.  443. 
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oil  producers  hold  that  the  extent  of  discoveiv  is  pri- 
marily ii  fuiiftioii  of  price  and  regard  decreased  discov- 
eries between  1931  and  1934  as  substaiitiatinfr  proof.*' 
The  marked  drop  in  discoveries  during!:  the  early  1030's 
is  indicated  in  table  C.  (It  is  to  be  noted,  however, 
that  in  1932  with  business  conditions  bad,  especially  in 
the  oil  industry,  there  were  estimated  new  discoveries 
of  over  1  billion  barrels;  this  perhaps  is  an  indication 
of  the  chance  factor  in  the  finding  of  new  jwols.)  On 
the  other  hand,  it  has  been  pointed  out  that  a  rising 
price  failed  to  bring  out  a  commensurate  increase  in 
discoveries  during  the  war  period  (1915-20).'"  Other 
producers  hold  that  the  failure  of  the  discovery  rate 
to  maintain  its  pace  in  the  early  1930's  probably  was  ex- 
plained more  by  the  inadecjuacy  of  finding  techniques 
to  cope  with  the  increasing  difiiculty  of  discovery  than 
by  the  effect  of  the  industrial  depression."*^  If  prices  of 
oil  and  gas  remain  high  for  a  period  of  several  years,  in- 
creased exploratory  efforts  very  likely  will  be  successful 
in  adding  considerable  amounts  to  the  size  of  reserves. 

Continued  im])ro\ement  of  exi)loration  methods  and 
drilling  procedures  undoubtedly  will  result  in  an  in- 
crease in  supplies  of  oil  and  gas.  Recent  developments 
in  these  spheres  of  activity  are  treated  in  part  three,  sec- 
tion II,  of  this  report,  but  it  should  be  said  here  that 
considerable  confidence  is  being  placed  in  geological 
methods  of  discovering  "stratigraphic  pools";  tliat  is, 
pools  of  the  East  Texas  type,  where  the  reservoir  is  of 
the  stratigraphic  or  shore-line  type  rather  than  of  the 
dome  type.  Altliough  a  delibei-ate  search  for  such 
"lens-type"  pools  maj-  lead  to  an  increase  in  the  ratio  of 
dry  holes  to  producing  wells,  the  discovery  of  important 
additional  reserves  may  residt.'^  Moreover,  the  de- 
velopment of  deei)er  drilling  and  also  directional  drill- 
ing lias  indicated  the  possibility  of  reaching  new  pro- 
ducing zones  and  thus  obtaining  sizable  oil  resei-ves  in 
many  old  producing  regions.  Directional  drilling  may 
make  it  possible  to  tap  reserves  located  offshore.  Con- 
siderable reserves  ai-e  known  to  exist  just  off  the  Cali- 
fornia coast  and  oil'  the  Gulf  coast  of  Texas  and  Louisi- 
ana. Slanted  wells  have  actually  accounted  for  nearly 
HO  million  barrels  of  crude  oil  production  since  1933  in 
tlie  Huntington  Beach  section  in  California.'"' 


'-.I.  M.  Lovijoy.  .1.  /.  M.  V.  E.,  Pet.  li,r.  Terlt.,  v.irt,  p.  258. 

""•Cf.  L.  C.  Snider  and  I!.  T.  Brooks,  "Probable  Petroleum  Shortage," 
Bulletin  of  Ameriean  Asxociatwn  of  Petroleum  Geoloyiitts,  January 
193G,  p.  ."iS.  It  Is  indicated  Iiere  tliat  increased  prices  cannot  bring 
about  increased  production    from   areas  which  are   "worlied  out." 

*'  Pratt,  op.  cit.,  pp.  46,  48. 

"  Pratt,  op.  cit.,  pp.  48-50  ;  Joseph  E.  PoRue,  "The  Economic  Struc- 
ture of  the  American  Petroleum  Industry,"  Third  ^yor!d  Power  Con- 
ference, Washington,  D.  C.   193G,  sec.  II,  Paper  No.  5,  p.  l."). 

*»  Charles  B.  Leyendecker,  "Gulf  Coast  Is  World's  Most  .\ctive  Deep 
Drilling  Center,"  Oil  Weelili),  July  2.'),  liiriS.  p.  104  ;  William  J. 
Kemnitzcr.  "Billion  Barrels  May  Ultimately  Be  Secured  Off  I'aciflc 
Coast,"  Oil  and  Gas  Journal,  November  18,  1937,  pp.  39-40. 


Although  the  difficulty  of  discovering  new  fields  has 
risen  somewhat  in  the  last  decade,  there  remain  large 
areas  in  which  some  oil  and  gas  procUiction  is  possible.'" 
A  likely  area  estimated  at  650  million  acres  remains 
unexplored.''  In  this  territory  fragmentary  informa- 
tion indicates  the  existence  in  many  places  of  extensive 
formations  in  sedimentary  rocks  which  are  productive 
in  neighboring  districts  and  the  exi.stence  of  other  geo- 
logic factors  favorable  to  the  occurrence  of  oil.'-  More- 
over, this  territory  may  lead  to  production  in  more  than 
one  producing  zone.  On  the  other  hand,  it  should  be 
noted  that  exploration  has  indicated  no  new  petrolifer- 
ous strata  in  the  past  few  years  and  that  only  one  new 
geological  province  has  been  proved  to  be  oil  bearing 
in  the  past  15  years,  namely,  the  Permian  Basin  area  in 
western  Texas  and  eastern  New  Mexico.  Althougli  of 
considerable  importance,  this  area  in  its  peak  year  con- 
tributed "less  than  half  the  daily  production  reciuired 
from  at  present  undiscovered  fields  to  prevent  a  short- 
age in  1940."  '^  Moreover,  only  three  States^Arkansas, 
Xew  Mexico,  and  Montana — have  been  added  to  the  list 
of  2)rotlucing  States  in  the  past  SOj-ears,  and  the  proved 
reserves  in  these  States  account  for  only  about  3  per- 
cent of  the  national  total. 

Kecent  discoveries  of  new  reserves,  however,  iiulicate 
no  immediate  falling  off  in  the  discovery  rate.  During 
1938  revisions,  extensions,  and  new  pool  reserves  were 
set  at  3,054  million  barrels  by  tlie  American  Petroleum 
Institute."  Practically  all  the  new  proven  under- 
ground supply  was  located  in  six  States — Texas,  1,075 
million  barrels;  Louisiana,  422  millions;  California,  375 
millions;  Illinois,  226  millions;  New  Mexico,  192  mil- 
lions; and  Oklahoma,  125  millions.  Of  major  produc- 
ing States,  only  Oklahoma  failed  to  a<ld  to  known  re- 
serves more  than  was  withdrawn  by  production. 

Recent  discoveries  of  natural-gas  reserves  have  oc- 
curred mainly  from  the  extension  of  oil  fields  and  from 
the  extension  of  the  Hugoton  natural-gas  field.  The 
reserve  of  this  field  in  southwestern  Kansas  is  now  esti- 


"  See  pt.  two.  sec.  I,  ch.  2.  flg.  8.  of  this  report. 

"  John  D.  Gill  and  E.  T.  Knight.  "What  are  the  Uneconomic  Uses  of 
Petroleum?"  .1.  /.  U.  M.  E.,  Pet.  Dev.  Tech.,  mH,  p.  291,  n,  20.  The 
.\merican   Petroleum  Institute  has  set  the  figure  at  1  billion  acres. 

"  Pogue,  loc.  cit. 

'"  Snider  and  Brooks,  op.  cit.,  p.  17. 

"  Oil  and  Gns  .Journal,  March  2,  1939,  p.  21.  During  1038  It  was  clear 
that  sizable  additions  to  reserves  were  being  made  and  that  the  coastal 
Texas  and  Louisiana  section  was  leading  in  discoveries.  Many  new 
small  fields  were  discovered  in  western  Kansas  and  soutliern  Tojas. 
See  Oil  Weeklii,  July  2,"),  1938,  pp.  GI-70,  120,  and  August  8,  1938,  p.  20, 
and  Oil  and  Gas  Journal,  July  28,  1938,  p.  127.  Tliere  are  indications 
of  considerable  further  extensions  of  reserves  under  submerged  lands  off 
the  California  coast  ;  William  J.  Kemnitzer,  op.  cit.,  pp.  39-40  ;  Brad 
Mills.  "California  Is  in  Another  Major  Discovery  Cycle,"  Oil  Weekly, 
June  1.5,  lO.'iS,  p.  32.  For  Illinoi.?,  important  further  additions  to 
proven  reserves  are  anticipated  ;  Dorsey  Ilager,  "Geologist  Has  Opti- 
mistic View  of  Oil  Possibilities  in  Illinois,"  Oil  and  Gas  Journal, 
August  11,  1938,  p.  25. 
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mated  at  14.25  trillion  cubic  feet.^°  Further  additions 
to  reserves  in  the  Ai^jDalachian  region  are  being  made  by 
the  development  of  the  Oriskany  sands.^" 

The  likelihood  of  increasing  proven  oil  and  gas  re- 
serves depends  considerably  on  possible  increases  in  the 
relative  recovery  of  these  reserves.  Increases  in  re- 
covery may  be  expected  to  result  if  there  is  a  rise  in  the 
price  of  oil  and  gas,  if  the  law  of  capture  relating  to 
the  production  of  these  resources  can  be  further  modi- 
fied, or  if  new  recovery  methods,  including  mining  for 
oil.  are  perfected.  Kelative  recovery  has  risen  greatly 
in  recent  years,  owing  both  to  improved  procedure 
and  to  better  operating  methods.  Yet  the  high  per- 
centage of  oil  wliich  is  still  being  left  in  the  ground, 
l^erhaps  as  much  as  65  percent  on  the  average,  presents 
great  rewards  for  any  slight  improvement  in  drilling 
or  production  technique.  Indeed,  it  has  been  suggested 
that  the  possibility  of  expanding  oil  and  gas  supplies 
by  raising  the  relative  recovery  is  much  gi-eater  than 
that  of  finding  new  producing  areas.^'  A  rise  in  the 
price  of  crude  may  allow  present  recovery  methods  to 
be  applied  more  generally  as  well  as  give  impetus  to 
further  teclmical  improvement.  Thus  rising  prices 
would  augment  the  present  recoverable  supply  of  pe- 
troleum.'^^ Considerable  importance  may  attach  to  the 
mining  of  oil  and  the  development  of  other  methods  of 
secondary  recovery  if  the  price  of  crude  should  rise  high 
enough.^" 

IMoreover,  the  possibility  of  changes  in  the  legal  regu- 
lations which  relate  to  the  production  of  oil  and  gas, 
in  particular  the  law  of  capture,  may  facilitate  much 
moi-e  efficient  field  operation  and  hence  increase  the 
relative  recovery  of  resources.  In  fact,  much  of  the 
waste  in  the  production  of  natural  gas  and  oil  is  at- 
tributable to  the  competitive  development  of  fields, 
whereby  excessively  large  numbers  of  wells  are  rushed 
to  completion  in  order  to  capture  some  of  the  valuable 
reserves  which  lie  in  a  pool  extending  under  the  land 
of  several  property  owners.  Garfias  has  maintained 
that  no  permanent  remedy  for  waste  in  recovery  can  be 
expected  "until  the  law  of  capture  is  superseded  or 
Ijasically  modified  to  make  possible  the  economic  de- 
velopment and  exploitation  of  oil  and  gas  fields  thi'ough 


=^  on  and  Gas  Journal.  July  14,  in.''.S,  p.  27. 

''«  Davis,  loc.  at. 

=■  A.  T.  Shurick,  "High-Cost  Proved  but  Inworked  Oil  Reserves  May 
Be  Kej-  to  Future  Supplies,"  .-Iniindsf.  November  10,  193",  p.  S54. 

"V.  n.  Wilhelm,  Chief  Petroleum  Engineer.  The  Texas  Corporation, 
A.  I.  M.  M.  E.,  Pet.  Dev.  Tech.,  1937,  p.  257. 

"  See  p.  358  of  this  report.  Moreover,  it  has  b"en  reported  that  Soviet 
engineers  have  increased  recovery  of  oil  reserves  by  thermic  methods 
whereby  heated  gas  is  forced  into  the  wells  under  pressure,  and  "the  oil 
is  separated  from  the  sand  and  pushes  through  to  the  wells,  and  is 
pumped  out  in  a  liquid  state  or  comes  out  of  itself  as  a  gas,  which  Is 
then  refined  into  oil  products.  "  Oil  and  Gas  Journal,  March  4,  1937, 
p.  56. 


the  unit  plan  of  operation  or  some  other  similar  effec- 
tive method."  *"'  Already,  proration  and  well  spacing 
Iiave  materially  reduced  waste. 

On  the  average,  future  discoveries  of  oil  undoubtedly 
will  be  made  with  greater  difficulty,  although  it  is  pos- 
sible, even  i^robable,  that  in  some  years  very  large  reser- 
voirs of  oil  or  gas,  with  subsequent  flush  production, 
will  be  discovered.  Very  likely  there  will  be  no  greater 
regularity  in  the  future  than  in  the  past.  The  dis- 
covery of  new  pools  proceeds  on  the  basis  of  elimina- 
tion. Each  new  pool  means  one  less  to  be  discovered. 
Although  the  discoveries  may  remain  high  for  some 
time,  a  period  must  arrive  when  the  size  of  reserves 
discovered  will  begin  to  show  decreases.  Proven  re- 
serves are  at  their  highest  level  at  the  present  time 
(February  1939).  but  the  size  of  such  reserves  gives 
no  indication  of  the  number  of  pools  yet  to  be  found. 
Tliis  problem  depends  more  on  the  extent  to  which  pos- 
sible oil-bearing  areas  already  have  been  explored  by 
M-iklcat  acti^-ity.  Undoubtedly  the  future  will  witness 
gxeater  expenditures  for  exploratory  efforts,  including 
stratigraphic  methods  as  well  as  deeper  drilling. 

Rate  of  Exhaustion 

Past  Rates 

Oil  reserves  of  the  United  States  have  been  estimated 
in  terms  of  annual  production,  either  as  recorded  for 
the  past  or  as  anticipated  for  the  future.  Thus,  Was- 
son's  estimate  for  the  end  of  1919  of  7.5  billion  barrels 
was  equivalent  to  production  during  the  next  10.4  years 
(table  6) .  His  estimates  of  the  life  of  reserves  in  terms 
of  future  years'  production  held  at  about  10  years  dur- 
ing the  1920"s  and  rose  sharply  in  1930,  but  since  then 
new  discoveries  have  been  inadequate  to  maintain  the 
estimated  years'  supply  at  the  1930  level  (12.1  years), 
despite  the  great  increase  in  discoveries  in  1937  and 
1938. 

Substantially  the  same  trend  in  life  of  reserves  is  in- 
dicated by  figures  showing  the  ratio  of  estimated  re- 
serves at  the  end  of  the  year  to  production  during  the 
same  year  (table  6).  These  figures  show  that  reserves 
at  the  end  of  1920  were  17.3  times  production  of  that 
year.  This  reserve-production  ratio  fell  to  10.7  at  the 
end  of  1929,  recovered  to  17.G  in  1932.  dropped  steadily 
to  11.3  in  1937,  and  rose  to  12.7  in  1938.  These  data 
are  sufficient  to  indicate  that  there  has  been  a  consider- 
able decrease  in  the  1930's  in  the  size  of  reserves  in 
terms  of  the  past  year's  output. 

As  indicated  earlier  in  this  chapter,  the  cumulative 
crude  oil  production  amounts  to  somewhat  more  than 


'"V.    R.   Garfias,   "Proven    Reserves   of  Mineral  Fuels  in    the   United 
States,"  A.  I.  M.  M.  E.,  Pet.  Dev.  Tech.,  1935,  p.  244. 
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50  percent  of  all  re^^crves  wiiicli  have  been  discovered 
up  to  the  beginning  of  193S.' '  On  the  other  hand,  less 
than  40  percent  of  the  discovered  reserves  of  natural 
gas  have  already  been  produced."- 

Estimated  Life  of  Known  Reserves 

Pogiic  has  estimated  that  the  life  of  known  reserves 
in  terms  of  the  past  year's  production  has  varied  be- 
tween 10  and  15  years  since  1910."^  The  Oil  and  Gas 
Journal  e^^timate  of  known  reserves  at  the  end  of  1938 
indicates  that  i-eserves  were  equivalent  to  11.8  times  the 
year's  production  (table  6).°*  For  1937  the  ratio  was 
lO.C ;  the  comparable  figure  based  on  A.  P.  I.  data  was 
12.1.  This  term  of  life,  however,  does  not  mean  that 
known  reserves  could  be  produced  within  12  years,  be- 
cause the  recovery  of  crude  has  to  be  spread  over  a 
l)eriod  of  many  years.  It  is  more  likely  that  present 
reserves  would  be  adequate  for  i  or  5  years  at  roughly 
the  current  level,  for  an  additional  4  or  5  years'  pro- 
duction at  about  one-half  the  1938  level,  and  for  many 
additional  years"  output  at  something  like  one-tenth  of 
this  production.  Ordinarily  faster  initial  production 
means  a  decrease  in  ultimate  recovery. 

For  natural-gas  reserves  the  estimated  life,  in  terms 
of  the  1937  production  of  2.37  trillion  cubic  feet,  is  about 
28  years  if  Davis'  estimate  of  reserves  of  66  trillions  is 
used.  Davis  himself,  however,  estimates  the  life  of  the 
reserve  at  30  years."^  N.  G.  McGowen,  president  of  the 
American  Gas  Association,  estimated  reserves  at  62 
trillion  cubic  feet  and  pointed  out  that,  at  the  rate  of 
withdrawals  during  1936,  the  reserves  would  have  a  life 
of  28.5  years,  wheieas,  at  the  rate  of  withdrawals  of 
1937,  the  life  would  be  reduced  to  somewhat  less  than 
25  years.""  Estimates  of  the  life  of  natural-gas  reserves 
have  been  rising  somewhat  in  recent  years  because  of  the 
extension  of  discoveries.""  Richards'  optimistic  esti- 
mate indicates  a  reserve  life  of  42  years  (table  2) . 

Importance  of  Flush  Production 

A  large  percentage  of  tlie  crude  oil  produced  at  the 
present  time  is  contributed  by  flush  wolls — that  is,  wells 


"'  See  pt.  two.  sec.  I,  c"'.  2,  fig.  6,  of  thl.s  report.  If  the  American 
Petroleum  Institute  estimate  of  15.5  billion  barrels  as  of  January  1, 
10.38,  is  used,  the  percentage  is  50  percent,  or  20  billion  compared  to 
35.5  billion.  If  the  most  liberal  current  estimate  of  reserves,  that  of 
W.  J.  Kemnitzer  of  19.0  billion  barrels,  is  u.secl,  the  estimated  per- 
centage exhaustion  figure  is  51  percent.     See  table  1,  alwve. 

■=  Cumulative  production  at  the  end  of  in.37  is  placed  at  40  trillion 
cubic  feot.  If  the  remaining  re.^erve  was  taken  as  GG  trillion  cubic  feet, 
then  G2  percent  of  all  discoveries  were  still  available  ;  if  at  100  trillions, 
then  71  percent.     See  table  2,  above. 

«  I'ogue.  o').  cit.,  p.  8. 

«•  on  atid  Gas  Journal.  January  12,  1939,  p.  20. 

"  Davis,  op.  cit. 

""Neil  Williams,  "Conservation  and  Utilization  of  Gas,"  Oil  and  Oat 
■lournnl,  May  19,  1938,  pp.  38-39. 

«'  Carflas,  A.  I.  J/.  Jf.  E.,  Pet.  Pev.  Tech.,  19.V.  p.  244 ;  U.  S.  Bureau  of 
Mines,  "Conservation  of  Petroleum  and  Natural  Gas."  Third  World 
Power  Conference  (Washington,  1936),  sec.  IV,  Paper  No.  12,  p.  12. 


139 

in  fields  of  comparatively  recent  discovery  in  which 
natural  gas  in  the  geological  structures  supplies  the 
lifting  power.  Snider  and  Brooks  estimated,  at  the 
end  of  1935,  that  approximately  half  of  the  current 
production  was  attributed  to  these  new  flush  wells, 
wliich  constituted  only  about  2  percent  of  the  total 
number  of  wells  in  production."^  When  a  new  field 
is  discovered,  a  large  percentage  of  the  total  reserves 
is  produced  in  a  few  years,  unless  an  effective  plan 
of  proration  of  pitxluction  or  of  restriction  of  well 
drilling  is  in  ell'ect.  A  measure  of  the  rapid  rise  and 
decline  of  flush  fields  is  illustrated  by  the  history  of 
the  Seminole  district  in  Oldahoma.  In  October  1926 
the  greater  Seminole  field,  with  only  37  wells  completed, 
had  a  daily  production  of  about  81,000  barrels.  AVilhin 
a  year  more  than  600  additional  wells  were  drilli'd, 
and  ill  I'.iiiT  the  fii'ld  reached  peak  production  at  136.0 
inillion  barrels  for  the  year.  Production  declined  70 
percent  by  1931,  amounting  in  that  year  to  40.5  million 
ban-els.  Afterward  the  decline  was  slower,  and  in  1937 
output  was  30.5  million  barrels.  Perhaps  the  general 
etl'ect  of  declining  outjuit  from  flush  fields  is  hotter 
illustrated  by  the  fact  that  production  from  all  fields 
operating  in  1929  declined  about  40  percent  in  5  years, 
or  a  droj)  from  1.0  billion  barrels  to  0.6  billion  barrels  in 
1934.''''-'  In  other  words,  a  serious  shortage  would  have 
developed  if  tiie  East  Texas  field  or  fields  of  similar 
magnitude  had  not  been  discovered. 

Moreover,  evidence  indicates  that  until  recent  years 
the  peak  of  flush  production  was  becoming  more  pro- 
nounced. Thus,  of  a  number  of  oil  fields  for  which 
Snider  presents  a  measure  of  drop  in  output  from  the 
peak  year,  an  analysis  shov.-s  that,  before  1920,  fields  did 
not  fall  below  50  percent  of  their  peak  year's  produc- 
tion until  they  had  been  in  operation  somewhat  more 
than  4  years.  For  the  years  1921-31  the  new  fields, 
on  the  average,  fell  below  50  percent  of  peak  produc- 
tion somewhat  more  than  2  years  after  the  peak  had 
been  reached."" 

Since  the  early  1930's  state  i-egulations  restricting 
drilling  and  production  have  had  the  effect  of  holding 
l)ack  flush  production  during  the  initial  stages  of  oper- 
ation of  new  fields.  Likewise,  the  Petroleum  Code  Au- 
thority under  the  National  Recovery  Administration 
and  the  Interstate  Oil  Compact  Commission,  which 
followed  it,  facilitated  production  planning  and  the 
introduction  of  rational  proration  measures  in  many 
States.  But  in  dtlicrs,  especially  in  Illinois,  the  old 
evils  of  flii>h  production  are  still  present  in  an  aggra- 


"  Snider  and  Brooks,  op.  eit..  p.  16. 
•"  Snider  and  Brooks,  op.  cit..  p.  23. 

"L.  C.  Snider,  "A  Compari.son  of  Old  and  New  Oil  Fields,"  A.  I.  M. 
M.  E.,  Pet.  D  V.  Ttcli..  I'm,  pp.  82-83. 
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A-ated  form,  largely  because  of  the  lack  of  adequate 
legislation.'"* 

Life  of  Pools  and  of  State  Reserves 

Although  the  production  life  of  pools  varies  from  4 
to  30  years,  and  occasionally  even  longer,  the  flush  pro- 
duction stage,  when  relatively  large  percentages  of  the 
contents  of  the  reservoir  are  produced,  is  verj^  short. 
In  recent  years  more  intensive  drilling,  facilitated  by  the 
ability  to  sink  wells  in  a  few  weeks,  has  tended  to  offset 
the  effects  of  i^roration  in  determining  the  life  of  indi- 
vidual fields.  Data  for  the  period  1900-1931  presented 
by  Snider  give  some  indication  of  a  drop  in  the  average 
natural  life  of  pools  prior  to  proration  efforts.'^ 

Among  States  the  life  of  present  known  reserves  is 
related  somewhat  to  the  history  of  production.  For  ex- 
ample, the  oil  resources  of  Oklahoma  •nere  exploited 
rapidly  after  the  development  of  the  Glenn  pool  in  1906, 
with  the  result  that  the  estimated  life  of  proven  reserves 
in  terms  of  1937  production  was  less  for  Oklahoma  than 
for  any  other  major  producing  State  (table  8) .  Note 
that  the  maximum  estimate,  that  of  McCoy,  was  only 
6.5  years,  whereas  that  of  the  Oil  and  Gas  Journal  was 
4.2  years.  In  terms  of  the  present  rate  of  withdrawal 
from  reserves,  Texas  and  California  are  in  favorable 
positions."  The  American  Petroleum  Institute  reserve 
estimate  at  the  first  of  1938  indicated  a  life  of  16.1  years 
for  known  Texas  reserves,  and  for  California,  a  life  of 
12.8  years.  Moreover,  since  January  1938,  important 
discoveries  have  been  made  in  both  States.  Recent  dis- 
coveries probably  also  will  extend  the  estimated  life  of 
Louisiana  reserves.  Oklahoma  is  unfortunate  not  only 
in  having  a  low  estimated  life  of  reserves  at  the  begin- 
ning of  1938  but  also  in  the  lack  of  any  outstanding 
discoveries  since  then.  The  discovery  of  sizable  re- 
serves in  western  Kansas  in  the  past  few  years  has  ex- 
tended the  prospective  life  of  reserves  in  that  State.  A 
suggestion  has  been  made  that  the  States  or  the  Federal 
Government  should  regulate  the  production  in  each 
State  on  the  basis  of  the  ratio  of  reserves  to  current 
production,  and  specifically  that  production  should  be 
restricted  each  year  to  one-eleventh  or  some  such  frac- 
tion of  known  reserves.'^     Such  regulation  would  be 


70a  Harry  F.  Simons,  "Conservation  Law  for  Illinois  Will  Probably  Be 
Delayed,"  Oil  and  Oas  Journal,  March  30,  1939,  pp.  55-56  ;  also  ibid., 
January  12,  1939,  pp.  25-26. 

'^Ibid.;  McCoy,  loc.  cit.,  presents  for  each  pool  in  the  major  oil-pro- 
ducing States  the  year  of  discovery,  total  production  to  January  1,  1937, 
the  reserve  estimate  as  of  January  1,  1937,  and  estimated  total  ultimate 
recovery.  Many  pools  which  accounted  for  considerable  production  are 
completely  or  almost  exhausted. 

"  See,  however,  F.  E.  Minshall,  "Future  Supply  of  Oil  in  California," 
A.  I.  M.  M.  E.,  Pet.  Dev.  Tech.,  1937,  p.  265  ;  and  A.  I.  M.  M.  E.,  Pet. 
Dev.  Tech.,  19Sr,  pp.  255-230. 

"^  W.  V.  Howard,  "Known  Reserves  Must  Increase  Rapidly  to  Keep 
Pace  with  Future  Demands,"  Oil  and  Oas  Journal,  February  10,  1938, 
pp.  12,  1-t.  The  author  apparently  prefers  that  the  ratio  of  production 
to  reserves  be  based  on  a  3-year  average  of  production. 


very  difficult  to  apply.  At  the  present  time  it  would 
limit  production  mainly  to  Texas  and  California  and 
require  the  closing  of  wells  in  nearly  all  other  States 
until  additional  reserves  were  discovered.  Since  new 
reserves  are  found  mainlj'  in  connection  with  the  rise  in 
13roduction,  such  a  restriction  would  necessitate  heavy 
investment  in  exploratory  activity  and  also  consider- 
able capital  investment  in  proved  reserves.  Yet  some 
method  of  restricting  increases  in  output  in  States  with 
a  short  life  of  reserves  may  be  desirable,  since  it  prob- 
ably would  lead  to  less  waste  of  capital  in  production 
and  refining  facilities. 

Table  8. — Tears'  supply  of  crude  petroleum  in  llic  United  States, 
hy  States,  Jan.  1,  193S 

[Based  on  1937  production  and  reserve  estimates  as  of  Jan.  1,  1938J 


Arkansas. 

CBlitornia 

Colorado 

Illinois 

Indiana 

Kansas 

Kentucky 

Louisiana 

Michigan 

Montana 

New  Mexico 

New  York 

Ohio 

Oklahoma 

Pennsylvania _. 

Texas 

West  Virginia 

Wyoming 

United  States 


American 
Petroleum 
Institute 
estimate 


16.4 
12.8 
12.8 
5.5 
3.2 
8.5 
7.0 
7.9 
3.1 
18.9 
14.1 
11.1 
8.0 
5.3 
15.0 
16.1 
7.3 
14.2 


12.1 


Oil  and  Gas 
Journal  esti- 
mate 


6.8 
12.5 
13.2 
5.3 
3.8 
9.0 
5.6 
6.6 
2.7 
9.0 
16.1 
4.7 
5.2 
4.2 
9.8 
13.4 
3.5 
16.7 


10.6 


McCoy 

estimate 


11.8 
11.3 
9.4 
6.7 
13.3 
10.6 
5.5 
7.7 
4.9 
8.2 
11.1 
7  3 
10.1 
6.6 
15.7 
11.5 
6.5 
11.5 


10.1 


Source:  U.  S.  Bureau  of  Mines,  Minerals  Yearbook  t9SS,  p.  823;  American  Petroleum 
Institute  Quarterly,  April  1938,  p.  12;  Oil  and  Oas  Journal,  Jan.  27,  1938,  p.  39;  Alex 
W,  McCoy,  Estimate  of  Petroleum  neserves,  United  States,  Ponca  City,  Okla.,  January 
1938. 

The  problem  of  adequacy  of  reserves  in  California  is 
somewhat  different  from  that  of  other  oil  regions  be- 
cause of  its  isolation.  In  the  main,  California  supplies 
of  oil  are  consumed  on  the  west  coast  or  are  exjDorted. 
Occasionally,  when  the  eastern  seaboard  price  of  crude 
is  comparatively  high,  tanker  shipments  are  made  by 
way  of  the  Panama  Canal.  In  1936,  however,  aside 
from  the  average  daily  exports  of  46,000  barrels,  Cali- 
fornia crude  was  consumed  almost  entirely  in  that  and 
nearby  States.  It  has  been  estimated  that  California's 
reserves  approximate  3  billion  barrels,  or  enough  for 
about  a  20-year  supply.  If  foreign  shipments  were 
eliminated,  oil  production  could  be  reduced  to  Pacific 
coast  requirements  and  the  reserve  last  for  25  years."* 


'A.  /.  M.  M.  E.,  Pet.  Dev.  Tech.,  1937,  pp.  255-56. 


Energy  Resources  and  National  Policy 


141 


A\'itli  respect  to  natural  gas,  it  is  even  more  logical  to 
make  a  comparison  between  reserves  in  California  and 
local  requirements.  None  of  the  gas  is  shipped  out  of 
tiie  State. 

Among  tlie  various  regions  producing  natuial  gas, 
estimates  of  reserves  indicate  a  life  of  approximately 
33  years  for  the  midcontinent  and  Gulf  coast  section.'' 
The  life  of  reserves  in  llie  Appahichian  region  and  in 
California  is  estimated  to  be  somewliat  less." 

Adt'quacy  of  Reserves  to  Meet  Future  Demand 

Among  outsiders  there  is  an  imi^ression  tliat  an  esti- 
mate of  reserves  is  merely  a  conservative  guess  of  how 
much  oil  can  be  i^roduced.  In  tlie  past  the  public  has 
been  faced  with  estimates  which  seem  to  indicate  a 
thioatening  shortage  of  petroleum  and  its  products 
within  a  decade  or  so.  Such  estimates  often  have  been 
followed  by  the  discovery  of  fiusli  oil  pools  which  have 
led  to  what  appeared  to  be  serious  overproduction  of 
crude  oil.  As  a  result  people  have  become  skeptical 
that  there  ever  will  be  an  end  to  oil  and  gas  reserves. 
In  estimating  the  possibilities  of  new  discoveries,  how- 
ever, one  must  guard  against  such  assertions  that  "there 
has  been  and  always  will  be  enough  petroleum  to  moet 
demand."  Perhaps  the  general  impression  i-esults  fi-om 
a  misunderstaniling  of  what  i)i'ti-oleum  engineers  and 
geologists  mean  by  estimates  of  reserves.  As  already 
noted,  reserve  estimates  usually  refer  only  to  jiroven 
supplies — that  is,  to  those  underground  reserves  which 
have  been  discovered,  and  only  to  that  portion  of  the 
resource  estimated  as  recoverable  by  present  methods. 
Note  also  that  ta.xation  makes  for  conservative  esti- 
mates of  reserves. 

There  appears  to  be  considerable  contradiction  in  the 
views  within  the  industry  on  the  subject  of  oil  reserves. 
While  engineers  are  currentlj'  estimating  known  re- 
sei'ves  as  sufficient  for  only  a  few  years  of  consumption, 
the  major  firms  in  the  industry  appear  confident  that 
search  in  unexplored  territory  Avill  reveal  many  new  oil 
pools  and  that  dee])er  productive  strata  underlie  many 
of  our  older  producing  fields.  Perhaps  by  '".scarcity" 
the  geologist  refers  primarily  to  frequency  of  discovery 
rather  than  to  volume  of  the  oil  reserve  itself."  A  drop 
in  the  rate  of  discovery  might  indicate  an  approach  to 
the  limit  of  the  amount  of  oil  available  from  all  under- 
giound  reservoirs,  but  it  is  largely  due  to  other  factors. 

Executives  in  the  oil  and  gas  industry  are  usually 
optimistic  concerning  the  adequacy  of  reserves.  For 
example,  Harry  F.  Sinclair  stated  several  years  ago 


that  domestic  reserves  would  supply  the  Nation's  de- 
mand for  oil  for  the  next  100  to  500  years."  Axtell  J. 
Byles,  president  of  the  American  Petroleum  Institute, 
has  recently  stated  that  proven  and  undiscovered  re- 
serves would  be  adequate  to  supply  needs  "in  abundanccj 
for  an  indeterminable  time  to  come." "° 

On  the  other  hand,  many  geologists  and  Government 
officials  have  been  concerned  over  a  possible  petroleum 
shortage.  In  setting  up  the  Federal  Oil  Conservation 
Board  in  1924,  President  Coolidge  expressed  this  atti- 
tude.^" Secretary  of  the  Interior,  Harold  \j.  Ickes,  in 
1934,  expressed  alarm  that  there  would  be  an  oil  short- 
age here  much  sooner  than  abroad.'"  Perhaps  the  most 
pessimistic  viewpoint  is  that  taken  by  Governor  E.  AV. 
Marland,  of  Oklahoma,  who  has  held  that  the  present 
known  supply  will  last  less  than  4  years.  In  fact,  he 
expects  a  serious  shortage  by  1942,  unless  large  reserves 
are  discovered  in  the  meantime.'^ 

Governor  Marland's  i)redictions  are  based,  in  large 
part,  on  a  report  made  to  Iiim  by  Alex  W.  McCoy,  a 
petroleum  geologist.  McCoy  stated  in  January  1938 
"that  the  present  drilled  reserve  is  capal)lo  of  producing 
sufficient  oil  to  meet  the  expected  demand  until  Novem- 
ber 1941."  ^^  Moreover,  he  held  that  '"the  discovery  nec- 
es.sary  thi-oughout  1938  to  1942,  inclusive,  nuist  apjjroxi- 
mate  C,000,()00,000  barrels  in  order  for  the  present  known 
reserve  and  this  disco\ery  to  produce  sufficient  crude  oil 
to  meet  the  expected  demand  after  1943."  "  After  1938, 
McCoy  expects  the  average  cost  of  production  to  rise 
from  an  average  of  $1.11  for  the  period  between  1924 
and  1938  to  $1.89  for  the  i^eriod  1938  to  19.57,  inclusive.^' 
Garlias  has  indicated  that  he  expects  a  petroleum  short- 
age by  1949.'''  Hale  B.  Soyster,  of  the  United  States 
Geological  Survey,  in  1934  stated  that  the  estimated 
known  reserves  would  last  not  more  than  15  years, 
assuming  that  the  oil  could  be  recovered  witliin  that 
period.  He  further  stated  that  although  new  fields 
would  be  discovered,  the  rate  of  discovery  would  slow 
down.^'  Brooks  and  Snider  have  expressed  the  view 
that  a  shortage  will  occur  between  1940  and  1943.**'  On 
the  other  hand,  AVasson  expects  no  petroleum  shortage 


"  Willi.inis.  loc.  cit. 

'"  Davis,  toe.  cit. 

'■  H.  J.  Wassson,  "Clironological  Aspects  of  American  Oil-Reserve  Re- 
plenishmont  witL  a  Note  on  the  Contemporary  Situation."  A.  I.  il.  M.  E., 
Pet.  Dev.  Tech.,  1937,  p.  1127;  Gai-flas  and  Whetsel,  A.  I.  if.  it.  E.,  Pet. 
nev.  Tech.,  me,  p.  211. 


™  Petroleum  Itivestination,  19Vi,  p.  2."i07  ;  Samuel  B.  I'ettengill,  Hot 
Oil.  New  Vnrk,  1  !):'.(>,  p.  11. 

™  Oil  and  Gaa  Journal,  March  3,  10.38,  p.  32 ;  Posuo.  op.  cit.,  p.  l."i. 

•o  Federal  Oil  Conservation  Board,  Report  I  to  the  President  of  the 
United  States,  Sojiteniber  1920,  pp.  1--2. 

"  Pctrolrum  Investigation,  IMl/.  p.  107. 

"'•By  1042,  tlie  oil  obtained  from  all  the  present  drilled  reserves,  all 
the  present  known  reserves  not  yet  drilled,  and  all  tiie  new  reserves  ex- 
pected to  he  discovered  in  193S,  10:!!),  1940.  and  1941  will  be  needed  to 
meet  the  demand  for  that  year."  Oil  and  Oas  Journal,  January  29, 
lO.lS.  p.  .''lO. 

"McCoy,  op.  cit..  p.  12. 

»'  Ihid.,  p.   ].;. 

"Ibid.,  pp.  10,  18. 

'•  Oarflas,  .4.  /.  .If.  J/.  E.,  Pet.  Dev.  Tech.,  193.5,.  p.  244.  See  also  Garfias 
and  Whetsel,  Science  of  Petroleum,  1938,  I,  532. 

'"  Petroleum  Investif/ation,  /.M.1,  pp.  14-18. 

"  Op.  cit.,  p.  18.     Sec  also  Snider,  op.  cit.,  p.  86. 


142 


National  Resources  Committee 


for  several  decades.^''  At  any  rate,  the  years  after  1930 
have  shown  comparatively  small  additions  to  known 
reserves  in  terms  of  the  rate  of  consumption  of  crude 
oil. 

,  In  order  to  maintain  a  rising  volume  of  petroleum 
production  many  new  fields  are  required.  Moreover, 
some  of  them  must  be  big  fields  of  flush  production,  and 
such  fields  must  be  discovered  every  year  or  so.  A  flush 
pool  of  the  magnitude  of  the  Oklahoma  City  or  East 
Texas  type  appears  to  be  required  every  few  years. 
Production  has  gi-own  so  much  in  the  last  20  years  that 
at  the  end  of  1937  no  one  field  in  the  United  States  had 
produced,  in  its  entire  history,  the  equivalent  of  the 
1937  output.  Only  the  great  East  Texas  field  with  accu- 
mulated production  of  1.13  billion  barrels  at  that  time 
had  approached  the  1937  domestic  output  of  1.28  billion 
barrels.^"  With  the  rapid  rise  in  consumption  it  is  no 
longer  easy  to  find  a  field  which  within  a  year  or  two 
can  supply  as  much  as  5  percent  of  the  annual  require- 
ments. During  the  first  part  of  the  twentieth  century 
many  of  the  new  fields  were  that  important,  but  by  1929 
few  of  the  great  new  fields  exceeded  5  percent  of  the 
national  output.  In  no  year  since  then  has  the  output 
of  any  new  field  except  the  East  Texas  field  exceeded  5 
percent  of  the  national  production.  The  ultimate  pro- 
duction of  a  new  field  in  relation  to  production  of  petro- 
leum during  the  year  of  its  discovery  has  been  defined 
by  Snider  as  the  "replacement  factor''  of  that  reserve. 
Of  30  major  fields — 15  discovered  prior  to  1913  and  15 
discovered  from  1913  through  1931 — Snider  found  that 
the  eai'lier  fields  each  probably  will  attain  a  replace- 
ment factor  of  1,  whereas  not  more  than  6  of  the  later 
15  have  any  prospect  of  doing  so.^^ 

At  the  present  time  exploratory  efforts  are  meeting 
with  increasing  difficulty.  Reserves  are  being  enlarged 
more  by  the  extension  of  known  fields  than  by  entirely 
new  discoveries.^-  Although  much  confidence  is  being 
placed  in  the  possibility  of  additional  discoveries  by 
deep  drilling,  it  must  be  noted  that  there  is  a  limit  to 
the  depth  at  which  oil  can  be  discovered,  partly  because 
of  the  technical  limits  to  drilling  and  mainly  because 
reservoirs  deeper  than  about  13.000  feet  are  more  likely 
to  contain  natural  gas  or,  at  the  most,  a  light  gravity 


'"Wasfon,  op.  cit.,  p.  227;  note  also  tbe  opinion  of  E.  B.  O'Rourke  of 
Oliio  State  T'niversity.  Oil  and  Gas  Journal,  .\pril  21.  103S.  p.  2(i. 

"Minerals  Yearbook.  IMS,  pp.  815,  824. 

"'  Snider,  op.  cit.,  pp.  72-78.  "Tlie  ultimate  protUution  of  a  field  di- 
vided by  tbe  total  production  of  the  United  States  during  the  year  of  its 
discovery  shows  the  number  of  times  the  withdrawal  from  the  reserves 
during  that  year  was  replaced  by  the  discovery  of  that  field,  and  this 
number  may  be  called  tbe  replacement  factor." 

®^  In  193S,  according  to  the  A.  P.  I.,  extensions  and  revisions  exceeded 
discoveries  in  new  pools  and  new  producing  horizons  in  Texas,  Louisi- 
ana, California.  Oklahoma,  and  New  Mexico,  but  not  in  Kansas,  Illinois, 
Arkansas,  and  Michigan.     Oil  and  Gas  Journal,  March  2,  1939,  p.  21. 


distillate  and  not  crude  oil."^    Unfortunately,  when  these 
deep  wells  cease  flowing  they  cannot  be  pumped. 

W.  V.  Howard  has  estimated  the  inability  of  the  re- 
serves to  keep  pace  with  demand  by  comparing  how 
much  additional  supplies  would  have  been  needed  to 
maintain  a  previous  ratio  of  production  to  reserves. 
For  example,  at  the  end  of  1936  the  Oil  and  Gas  Jour- 
nal estimated  reserves  of  11.4  years'  supply.  In  terms 
of  the  1937  production  and  the  reserves  at  the  end  of 
that  year,  the  life  was  estimated  to  be  10.7  years.  To 
have  maintained  the  old  ratio  would  have  reciuired  ad- 
ditional discoveries  in  1937  of  0.9  billion  barrels,  or  a 
total  for  the  year  of  3.2  billion  barrels.  ^Moreover, 
Howard  estimated  that  if  an  11  years'  supply  of  re- 
serves was  to  be  maintained,  new  reserves  of  between 
2.5  billion  and  3  billion  barrels  needed  to  be  discovered 
in  1938.^*  Actual  discoveries  and  extensions,  including 
revisions,  were  estimated  by  the  Oil  and  Gas  Journal 
at  2.1  billion  barrels  and  by  the  American  Petroleum 
Institute  Committee  at  3.1  billion  barrels. 

If  discoveries  in  the  next  few  years  should  prove  de- 
ficient, the  adequacy  of  reserves  to  meet  future  demand 
would  depend  on  the  difficulty  of  producing  fast  enough 
from  the  present  reserve.  As  already  noted,  nearly  half 
of  the  recoverable  oil  in  the  reservoir  is  obtained  during 
the  first  few  years  of  flush  production  and  the  re- 
mainder at  a  decreasing  rate.  This  slowing  down  of 
the  rate  of  recovery  at  the  later  stages  of  life  of  a  field 
is  in  part  an  indication  of  present  technical  limitations 
in  the  extraction  of  crude.  Garfias  and  Whetsel  have 
23ointed  out  that,  with  a  yearly  world  demand  of  about 
1.7  billion  barrels  for  the  decade  following  1935  and 
with  the  proven  world  reserves  of  23  billion  barrels  as 
of  January  1,  1936,  additional  flush  production  from 
new  reserves  of  about  15  billion  ban-els  would  be  needed 
during  the  decade."^ 

The  possibility  of  exhausting  oil  and  gas  reserves  de- 
pends in  iJart,  of  course,  on  future  trends  of  consump- 
tion, including  trends  in  efficiencies  of  use  and  possible 
changes  in  the  nature  of  demand  which  might  affect 
the  price  of  gasoline.  These  considerations  are  treated 
in  chapters  3  and  4.  It  should  be  noted  here,  however, 
that  threatened  exhaustion  is  being  postponed  by  the 
improvement  of  operating  methods  and  wider  adoption 
of  the  better  techniques  of  recovery.  On  the  other  hand, 
a  continued  rise  in  automobile  registrations  may  more 
than  offset  the  savings  realized  by  efficiency  of  use. 
Long  before  oil  reserves  are  exhausted,  prices  of  the 
major  petroleum  products  will  begin  to  rise.    In  1935 


'^  Eugene  A.  Stephenson,  "Behavior  of  Contents  of  Higbrressure 
Reservoirs,"  A.  I.  M.  M.  E.,  Pet.  Der.  Tech..  IMS.  pp.  1.S9-197  ;  also  see 
Pratt,  op.  eit.,  p.  48.  and  Oil  Weekly,  August  29,  1938,  p.  28. 

"  W.  V.  Howard,  loc.  cit. 

''  Op.  cit.,  p.  533. 
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Brooks  and  Snider""  suggested  tliat  wiihiii  tlii>  next 
decade  tlie  relative  scarcity  would  create  a  rise  in  prices 
at  the  present  demand  and  that  an  increasing  demand 
might  bring  al)out  a  siiortage  in  a  few  years.  In  that 
event,  the  operation  of  the  industry  would  doubtless 
place  more  emphasis  on  higher  priced  products,  notably 
lubricants,  and  the  motor  \eliicle  industry  might  have 
to  find  other  sources  of  extra  fuel  supplies.  If  the  price 
of  gasoline  rises  above  the  costs  of  making  fuel  from 
shale  or  from  coal,  these  materials  will  begin  to  super- 
sede gasoline.  Costs  of  making  fuel  by  the  hj'drogena- 
tion  of  coal  are  estimated  upwards  from  12  cents  a  gal- 
lon."' Consequently,  the  shortage  of  crude  oil  would 
have  to  become  severe  before  substitutes  could  be  called 
upon.  Although  it  cannot  be  stated  with  any  certainty 
when  exhaustion  will  become  a  problem  in  tlie  United 
States,  it  is  clear  that  the  problem  will  appear  in  the 
United  States  before  it  does  in  the  balance  of  the  world. 
We  have  produced  a  larger  percentage  of  our  reserves; 


"Op.  cit.,  p.   18. 

■^  The  figure  of  12  cents  per  gallon  was  given  by  President  Farrish 
of  tbe  Standard  Oil  Co.  of  New  Jersey;  Pttiolciim  Invistif/ation.  jas.'i, 
pp.  T'iO.  T-JS.  A  similar  estimate  was  reported  by  C.  C.  Wright  and  A.  W. 
Gauu'or.  Pingrisx  Report  on  Coal  Ifi/drof/enntitjii,  Technical  Report  No 
2.  Bituminous  Coal  Risearch.  Inc..  October  1930,  pp.  13  14.  On  the  other 
hand,  the  experimental  station  of  the  Inited  States  Bureau  of  Mines 
at  I'ittsburgh  reports  that  the  retail  price  of  substitute  fuel  would  be 
two  or  three  times  tl^at  of  gasoline;  report  of  station,  September  1938. 


we  are  now  using  our  reserves  at  a  faster  rale  than  the 
rest  of  the  world;  and  probably  we  have  discovered  a 
much  larger  percentage  of  our  total  possible  reserves 
because  of  the  more  intensive  search  for  oil  in  this 
count ry."*  The  United  States  now  accounts  for  approxi- 
mately 60  percent  of  the  world's  consumption  but  only 
50  percent  of  the  proven  reserves.  Secretary  of  the  In- 
terior Ickes  has  stated  that  we  are  using  our  oil  reserves 
about  three  times  as  rapidly  as  the  rest  of  the  world."* 
At  the  present  time,  it  appears  reasonably  certain  that 
Oklahoma  will  exhaust  her  reserves  before  California 
does  and  that  in  the  future  an  increasing  percentage 
of  the  total  amount  of  reserves  will  be  accounted  for 
by  Texas,  which  already  contains  half  the  national  sup- 
ply. Exhaustion  of  natural  gas  probably  will  not  be- 
come a  problem  for  two  decades,  although  much  de- 
pends on  the  restriction  of  consumption  to  the  more 
economical  uses.  The  great  reserves  of  Texas.  Okla- 
homa, Kansas,  Louisiana,  and  New  Mexico  probably 
will  be  called  on  to  a  greater  extent  in  the  future  to  sup- 
|)ly  the  consumers  in  the  midwestern  section  of  the 
country  and  perhaps  for  centers  of  consumption  as  far 
east  as  the  Atlantic  sealioaid. 


"'  Swanson.  loo.  cit. :  Garflas  and  Whetsel,  op.  cit.,  p.  532. 

'"  Petroleum  Investigation.  lO.I'i.  p.  Ifi";  Pettengill.  op.  cit.,  p.  10; 
also  H.  L.  Ickes.  "Oil  and  Ibe  World  We  Live  In."  address  before  the 
Independent  I'ctroleum  .-Vs.sociation,  Houston,  Texas,  O.iobir  1."..  lO.'.T 


CHAPTER  3.— PRODUCTION  TRENDS  AND  TECHNOLOGIC^VL  ADVANCES 


Production  Trends 

National  Trends 

Production  of  crude  oil  in  tlie  United  States  followed 
an  upward  trend  to  1929  and  after  the  great  depression 
reached  a  new  peak  in  1937  of,  roughly,  1.3  billion 
barrels.^  Somewhat  more  than  50  percent  of  the  21 
billion  barrels  produced  since  1859  was  obtained  in 
the  11  years  ended  with  1938,  and  the  last  16  years  have 
accounted  for,  rouglily,  70  percent  of  the  total.-  The 
same  growth  is  evident  in  the  production  of  natural  gas. 
Production  reached  a  jieak  of  2.4  trillion  cubic  feet  in 
1937.-'  Production  of  natural  gas  in  1900  was  slightly 
less  than  one-sixth  of  the  1937  production. 

Although  petroleum  production  for  the  entire  United 
States  follows  an  ui)\vard  trend,  production  in  indi- 
vidual fields  nearly  always  reaches  a  peak  early  in  the 


'  1.279,160.000  barrels.  Anniinl  Petroleum  SlalcnunI  No.  P  in,  V.  S. 
llepnrtment  cf  the  Interior.  Hureau  of  Mines.  November  10,  1938. 

=  For  production  throuah  1937,  sec  pt.  two,  sec.  I,  chap.  2,  fig.  5  of 
this  report  ;  and  H.  M.  Stalcup.  "What  the  Oil  Industry  Is  Doing 
About  Conservation."  Oil  and  On.s-  .JournnI,  May  19.  1038.  p.  50.  Pro- 
duction for  1938  ha.s  been  estimated  at  1.2  billion  barrels;  Oi(  and 
Qa.f  .Journal,  January  26,  1939,  p.  73. 

'2,447.620.000  cubic  feet.  V.  S.  Bureau  of  Mines.  Xaiural  Oax  Con- 
sumption Sets  New  Record  in  l!m.  Mineral  Market  Reports,  No. 
M.  M.  S.  682,  December  13,  19.38,  p.  1. 


life  of  the  pool  and  falls  off  sharply  thereafter.  For 
instance,  the  Glenn  oil  pool  contributed  11.8  percent 
of  the  United  States  total  in  the  second  year  of  its 
life,  11.5  percent  in  the  lliird,  and  declined  steadily  to 
0.2  percent  in  the  twenty-fifth  year.^  This  is  shown 
more  clearly  if  we  look  at  the  percentage  of  peak-year 
l)roduction  in  later  years.  The  Glenn  pool,  discovered 
in  late  1905,  reached  its  maximum  output  in  1908.  In 
the  year  following  it  produced  92  percent  of  the  peak; 
in  the  second  year  following,  93  percent;  and  in  the 
third  year,  79  percent.  In  1928  it  reached  only  10  per- 
cent of  the  maximum.  In  many  newer  fields  much 
sharper  declines  follow  peak  production.  For  example, 
the  AVortham  pool  at  its  peak  in  1925  contributed  16,- 
838,000  barrels  of  crude  and  in  1926  only  19  percent 
of  that  amount.  In  the  third  year  after  its  peak  it  pro- 
duced only  4  percent  of  the  record  amount  and  by 
1931  only  1  percent."  In  Arkansas,  the  Smackover  field 
shows  a  ])ieciintous  dro])  after  1925,  when  it  produced 
74,383,0C0  barrels  of  crude.  Its  production  declined  in 
1926  to  7-1  percent  of  the  peak ;  in  the  next  year  a  further 


'  L.    C.    Snider.    "A    Comparison    of    Old    and    New    Fields,"    A.    I.   M. 
U.   E.,  Pet.  Dev.   Tech.,   WX3.  p.   79. 
•■Ibid,  pp.  82-83. 
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decline  reduced  production  to  only  43  percent  of  the 
peak.''  By  1937  it  produced  only  9  percent  of  the  1925 
volume.  In  1927  deep  drilling  in  the  Spindletop  field 
in  Texas  produced  a  maximum  output  of  20.751.000 
barrels.  In  the  next  year  production  dropped  to  68 
percent  and  continued  to  fall  off  until,  in  1936,  it  pro- 
duced only  4  percent  of  its  peak  production." 

Similarly,  many  gas  fields  are  very  short-lived.  The 
Big  Moses  gas  well  in  Tyler  County,  W.  Va.,  has  long 
since  been  forgotten,  but  in  the  early  days  of  the  indus- 
try it  was  one  of  the  greatest  of  all  wells,  producing  35 
million  cubic  fe«t  a  day.^ 

From  the  point  of  view  of  costs  this  decline  in  pro- 
duction is  important.  Flush  production  resvdts  in 
waste  of  reservoir  energy,  and  high-cost  secondary  re- 
covery methods  must  soon  be  resorted  to  in  order  to 
retrieve  the  oil  left  in  the  ground.  Proof  of  this  is 
shown  in  a  repoi't  which  shows  average  operating  ex- 
pense per  barrel  of  oil  produced  to  vary  from  28  cents 
in  the  midcontinent  to  83  cents  in  the  eastern  division, 
where  oil  is  mainly  produced  through  secondary  re- 
covery.^ As  production  declines  the  average  cost  per 
barrel  goes  up,  often  resulting  in  early  abandonment  of 
wells.  Tlierefore  it  is  desirable  to  restrict  production 
from  the  beginning  to  a  level  consistent  with  maximum 
recovery  efficiency. 

Regional  Trends  and  Geographic  Shifts 

Today  the  calculated  centers  of  oil  and  gas  produc- 
tion are  far  from  their  original  location  in  western 
Pennsylvania.  According  to  F.  G.  Tryon  and  L.  N. 
Plein,  20  years  after  the  Drake  well  was  completed  the 
center  of  production  was  still  in  Pennsylvania.  By 
1889,  however,  the  center  liad  moved  to  northeastern 
Ohio;  a  decade  later  to  a  point  close  to  the  Indiana 
border;  and  between  1900  and  1910  there  was  a  spec- 
tacular move  of  almost  a  thousand  miles  to  central 
Kansas.  In  recent  years  the  movement  has  been  re- 
versed, and  the  calculated  center  of  crude-oil  produc- 
tion between  1929  and  1935  shifted  from  northeastern 
New  Mexico  to  the  Texas  Panhandle  (fig.  3) ." 

A  comparison  of  the  leading  producing  States  at  dif- 
ferent times  indicates  the  same  shift  from  the  East  to 
the  West  and  the  South.  Until  1895  Pennsylvania  was 
the  leading  State ;  in  fact,  between  1859  and  1875  Penn- 
sylvania was  practically  the  only  producing  State.    In 


'  Minerals    Yeaiboolc,   WS7,   p.    1022 ;    iliiieials   Yeariook,   inSS,   p.   834. 

*0.  E.  Kicssling,  H.  O.  Rogers.  G.  R.  Hopkins,  and  Others.  Tecli- 
nologi/.  Employment,  and  Oiitptit-Pcr-ilan  in  Petroleum  and  yalnral- 
Oas  Production,  National  Research  Project  W.  P.  A.  Report  E-10,  1939 
(in  press),  ch.  III. 

•Figures  represent  averages  for  the  3-ypar  periid,  1927-30;  Petro- 
leum Administrative  Board,  Preliminary  Report  on  A  Survey  of  Crude 
Petroleum,  "Cost  of  Production  for  the  Years  1031-33  and  Comparison 
with  Years  1927-30,"  Washington,  1034.  pp.  S-9. 

» Kiessling.  et  al.,  op.  cit.,  ch.   III. 


1895  Ohio  outranked  Pennsylvania  and  remained  the 
leading  State  until  California  surpassed  it  in  1903. 
California  remained  in  the  lead  until  1915,  at  which 
time  first  rank  in  production  went  to  Oklahoma,  where 
it  stayed  until  1919.  Then  Oklahoma  and  California 
began  to  share  the  lead,  California  having  it  until  1920, 
Oklahoma  until  1923,  California  again  until  1927,  and 
Oklahoma  in  1927.  Then  Texas  took  the  lead,  with  the 
discovery  of  the  Hendricks  and  Yates  pools,  and  since 
the  development  of  the  East  Texas  field  it  has  kept  far 
ahead  of  the  other  States  (table  9). 

Table   9. — Peak   production  years    for   leading   oil   producing 
States  in  the  United  States,  1S59-1937 


Peak 
year 

Production 

State 

Thousand^ 
of  barrels 

Percentof 

United 

States 

total 

New  Yorlv-. 

1882 
1891 
1896 
1900 
1904 
1908 
1923 
1925 
1927 
1929 
1937 
1937 
1937 
1937 
1937 

6,685 

31,424 

23,941 

16,  196 

11,  339 

33,  686 

44,785 

77,398 

277,  775 

292,534 

15,928 

38,  797 

90,  510 

70, 761 

510,732 

22 

Pennsylvania _ 

57 

Ohio     - 

39 

West  Virginia      .  _                ,  _ 

25 

10 

Illinois          

19 

Wvoming  _ 

6 

10 

Olrlahoma . 

31 

29 

Michigan     -.  .  . 

1 

3 

Kansas  

6 

Tmbs 

40 

Source:  1".  S.  Bureau  of  Mines,  Minerals  Yearbook,  1937,  pp.  1008-1009;  Minerals 
Yearbook,  1938,  p.  848. 

In  the  last  20  years  of  the  nineteenth  century,  Penn- 
sylvania, New  York,  and  Ohio  were  the  leading  pro- 
ducers of  oil.  In  their  respective  peak  production  years, 
Pennsylvania  (1891)  produced  57  percent  of  the  total 
for  the  country,  Ohio  (1896)  39  percent,  and  New  York 
(1882)  22  percent.  In  the  fir.st  decade  of  the  twentieth 
century,  AVest  Virginia,  Illinois,  and  Indiana  reached 
their  peaks.  West  Virginia  reached  its  peak  output  in 
1902,  when  it  produced  16  percent  of  the  national  total. 
In  1904  Indiana  production  attained  its  maximum, 
which  constituted  9  percent  of  the  total,  while  Illinois 
in  her  peak  year,  1908,  contributed  19  percent  (fig.  5). 

'Tn  1900  considerably  more  than  half  of  the  national 
requirements  of  crude  petroleum  came  from  the  Apj^a- 
lachian  fields,  slightly  more  than  a  third  from  the 
Lima-northeastern  Indiana-lNIichigan  field,  and  the 
small  remainder  from  California  and  the  Gulf  Coast 
fields.  *  *  *  The  Appalachian  field's  share  of  the 
total  in  1935  was  3.2  percent,  and  only  2.2  percent  was 
furnished  by  the  Lima-northeastern  Indiana-Michigan 
fields."  1^    Today,  Texas  is  far  in  the  lead,  having  pro- 


"  Ibid. 
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Figure   3. — Calculated  Centers  of  Petroleum  and  Natural   Gas  Production. 
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Figure  4. — Relative  Importance  of  Major  Petroleum  and  Natural  Gas  Producing  Districts  in  1906  and  1935. 
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duced  40  percent  of  tlie  United  States  total  in  1937 
(table  10).  California  and  Oklalioma  almost  tied  for 
second  place,  \Yith  18.7  percent  of  the  United  States 
total  produced  l)y  the  former  and  17.9  percent  hy  the 
latter.  The  three  States  produced  an  aggregate  of  7G.G 
percent  of  United  States  i^roduction.  Louisiana 
stepped  up  production  and  is  now  contributing  a  greater 
percentage  than  Kansas.'- 

A  preliminary  estimate  of  1938  production  indicates 
a  somewhat  different  picture."  Although  Texas  and 
Kansas  contributed  slightly  less  to  tlie  Nation's  total 
for  1938  and  California  and  Louisiana  slightly  more, 
the  significant  changes  were  the  rapid  increase  in  Illi- 
nois and  the  marked  decline  in  Oklahoma.  While  pro- 
ration may  account  for  some  of  the  drop  iu  Oklahoma, 
the  main  reason  probably  was  lack  of  new  develop- 
ment.'^ The  outlook  for  the  future  indicates  further 
siiifts  in  production.  Texas  probably  will  Iiave  to 
shoulder  much  of  the  deficiency  in  Oklahoma  produc- 
tion, a  material  drop  in  which  now  seems  imminent.'"' 
Because  of  deeper  drilling,  we  may  obtain  increased 
production  from  Louisiana,  Illinois,  Michigan,  Kansas, 
and  'Wyoming. 

Tahi.i-:  10. — Production  of  crude  petroleum  in  the  United  States 
and  percentage  of  total,  hy  principal  States,  1037 


Production 

Thousands 
of  barrels 

Percent  of 

United  States 

total 

510,732 
238,521 
228,924 
ilO.  510 
70,761 
38,797 
99,408 

10.0 

California                 -           - 

18.7 

17.9 

7.1 

Kansas                                   -  - 

5.5 

3.0 

Ml  other                                                .--- 

7.8 

1,277,653 

100.0 

Source;  U.  S.  Bureau  of  Mines,  Minerals  Yearbook,  I9S8,  p.  824. 

In  natural  gas,  also,  there  have  been  shifts  in  produc- 
tion. Although  in  1909  the  calculated  center  of  natural- 
gas  production  was  in  southeastern  Ohio,  in  1919  it  had 


^  In  1937,  Louisiana  produced  7.1  percent  of  the  national  total ; 
Kan.sas.  5.5  percent ;  and  New  Mexico,  3  percent.  Pennsylvania, 
Michigan,  and  Arkansas  together  produced  less  than  4  percent  of  the 
United    .States    total. 

"  Production  in  the  United  States  declined  in  193S.  Texas  pro- 
duced 39.2  percent  of  the  total ;  California,  20.8  percent ;  Oklahoma, 
14.1  percent;  Louisiana,  7.0  percent;  K;insas.  4.S  percent;  New  Mex- 
ico, 3.0  percent ;  and  Illinois,  1.9  jtercent.  As  a  result  of  new  dis- 
coveries. Illinois  produced  22.8  million  barrels  during  1938,  in  com- 
parison with  7.4  million  in  1937.  Oklahoma's  production,  on  the  other 
hand,  fell  from  223.1  million  barrels  in  1937  to  109.3  million  in  1938. 
James  Mclntyre.  "Producers  Meet  Buyers'  Demand,"  Oil  and  O'ls  Jour- 
nal, Jauuary  26,  1939,  p.  77. 

"  See  p.  140  of  this  report. 

■^  A.  T.  Shurick.  "Sianiflcance  of  Latest  Estimates  of  Oil  Reserves ; 
Situation   in   Key   States."   Annalist.   Friday.   December  3,   1937,   p.   903. 
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PERCENTAGE    OF    TOTAL    CRUDE    PETROLEUM    PRODUCTION   IN 

THE    UNITED    STATES    CONTRIBUTED    BY    EACH    OF 

SIX    LEADING    PRODUCER    STATES, 

1891  -1937 


shifted  to  southeiii  Illinois,  and  at  ijresent  it  is  in  cen- 
tral Oklahoma.'"  In  the  earliest  period  of  natural-gas 
pi'oduction  Pennsylvania  was  the  leading  St-.ite.  West 
Virginia,  in  1909,  stepped  up  to  first  place  and  remained 
far  in  the  lead  iiiilil  1923,  at  which  time  it  produced  20.2 
I^ercent  of  the  country's  total.  In  the  next  year  Okla- 
homa passed  AVest  Virginia  to  become  the  leading  pro- 
ducer, and  at  the  same  time  Pennsylvania  receded  from 
fourth  to  sixth  place.''  These  changes  marked  the  pass- 
ing supremacy  of  eastern  States  in  the  production  of 
natural  gas  and  a  closer  agreement  between  the  ranking 
of  States  according  to  natural-gas  production  and  that 
according  to  oil  production.  In  part  the  similarity  re- 
sulted from  the  increased  production  of  casing-head 
gas.'*  Oklahoma  retained  the  lead  through  1928,  since 
which  year  Texas  has  outdistanced  by  far  other  gas- 
producing  States.  Several  other  States,  including 
Arkansas,  Colorado,  Illinois,  Indiana,  Ohio,  Wyoming, 
and  Kansas,  have  witnessed  a  rise  and  fall  in  natural- 
gas  production,  although  Kansas  now  appears  to  be 
climbing  to  a  second  peak.  In  Ohio  production  has 
remained  comparatively  steady.  Other  major  produc- 
ing States  which  have  apparently  not  yet  reached  a 
peak  are  California,  Kentuclcj-,  Montana,  New  Mexico, 
and  Louisiana.'"  It  is  probably  from  these  States  and 
Texas  that  we  maj*  exjiect  our  future  gas  production. 

Refinery  activity  also  has  moved  to  the  Southwest. 
In  the  early  stage  of  the  industry  refineries  were  located 
near  the  crude-oil  fields  in  Pennsylvania  and  Ohio.  In 
1900  the  calculated  refining  center  was  in  central  Illi- 
nois. With  the  develoi)ment  of  pipe-line  trans^^orta- 
tion,  it  was  possible  for  refineries  to  be  located  in  rela- 


"Kiessling.  ct  al.,  op.  cit.,  ch.  III. 
i' Minerals   Yearbook.  19S7,   p.    1002. 

"  Gas    obtained    from    oil    wells.    Minerals    Resourees    of    the    United 
States,  19.'.i,  pt.  II.  U.  S.  Bureau  of  Mines,  p.  321. 
"Minerals  Yearbook.  inST.  p.   1002. 


148 

tion  to  the  best  economic  distribution  of  products  to 
their  markets,  yet  only  a  fourth  of  the  petroleum  refin- 
ery capacity  is  now  located  in  large  industrial  areas. 
The  rise  of  the  great  Gulf  Coast  refining  district  was 
related  in  large  measure  to  the  existence  of  cheap  water 
transport  to  the  east  coast  and  to  foreign  markets.  In 
1935  the  calculated  center  of  refining  was  in  northeast- 
ern Oklahoma,  in  the  same  general  territoiy  as  the  cen- 
ter of  oil  production  (fig.  ^).-° 

The  continuous  movement  from  districts  of  old,  par- 
tially depleted  fields,  where  the  reservoir  energy  has 
been  exhausted,  to  new  areas  of  flush,  low-cost  produc- 
tion has  resulted  in  greater  and  gi-eater  difficulty  in 
finding  new  areas.  Also,  it  has  involved  the  problem 
of  moving  the  products  from  more  distant  sources  of 
supply  to  major  markets,  especially  in  the  populous 
East.  The  oil  industry  has  applied  itself  readily  to  the 
solution  of  these  problems. 

Increasing  Difficulty  of  Obtaining 
Supplies  of  Oil  and  Gas 

The  remainder  of  this  chapter  covers  two  subjects: 
First,  the  growing  problems  which  the  oil  and  gas  in- 


="  Kiessling,  et  al.,  op.  cit.,  ch.  III. 
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dustry  is  facing;  and  second,  the  technical  improve- 
ments which  have  been  made  toward  solving  these 
difficulties. 

Exploration 

The  life  of  oil  and  gas  fields  has  been  relatively  short, 
partly  owing  to  the  rising  demand  for  petroleum  prod- 
ucts. Since  the  practical  exhaustion  of  a  field  necessi- 
tates the  finding  of  a  new  one,  there  have  been  intensi- 
fied efforts  to  locate  new  sources  of  supply.  Although 
there  were  more  discoveries  in  1930  than  in  any  other 
year,"  and  although  discoveries  of  fields  have  continued, 
new  reserves  have  little  more  than  equaled  production 
until  1937  and  1938,  during  which  years  nearly  4.3 
billion  barrels  were  added  to  known  reserves.--  These 
recent  discoveries  were  made  only  after  mounting  ex- 
penditures for  exploration  and  therefore  also  indicate 
the  growing  problem  of  locating  new  sources. 

As  shallower  fields  and  more  obvious  areas  are  ex- 
ploited, structures  containing  oil  become  more  difficult 
to  find.  Haphazard  drilling  was  successful  as  long  as 
there  were  abundant  surface  indications  where  the  oil 
could  be  found.  Practically  all  discoveries  made  prior 
to  the  turn  of  the  present  century  resulted  from  ele- 
mentary surface  indications  or  from  random  drilling.-' 
In  the  period  between  1901  and  1905,  according  to 
Pratt,^*  70  percent  of  the  major  discoveries  resulted 
from  obvious  evidences  and  20  percent  from  purely 
random  drilling,  the  remaining  10  percent  being  a  re- 
sult of  geological  exploration;  whereas  between  1930 
and  1936  less  than  3  percent  of  the  million-barrel  fields 
found  were  discovered  otherwise  than  b,y  scientific 
methods  of  search.^^  Not  one  pool  was  found  between 
the  years  1931  and  1935  as  a  result  of  drilling  from 
obvious  evidences.^" 

That  oil  was  becoming  more  difficult  to  find  is  borne 
out  by  the  increasing  number  of  dry  holes  in  relation  to 
the  number  of  well  completions.  There  was  a  definite 
upward  trend  in  the  dry-hole  index  from  1880  until 
1930  (fig.  6) ."  Although  the  drop  in  the  index  at  this 
time  may  be  explained  in  part  by  increased  efficiency 
of  discovery ,=*  it  has  been  influenced  also  by  discourage- 


7.   u. 


Figure  6. — Indicators  of  Increasing  Pbysical  Difficulty  Encountered  in 
Petroleum  and  Natural  Gas  Production. 


='  II.    ,T.    Wassnn,    "American    Oil-Reserve    Replenishment."    A. 
M.  E..  Pet.  Dei:  Tech.,  J937,  p.  230. 

=  For  net  additions  to  reserves  in  1937  and  193S.  see  American 
Petroleum  Imtitiite  Quarterly,  April  1938.  p.  12,  and  Oil  and  Gas 
Journal,  March  2,  1039.  p.  21.  The  above  figure  refers  to  A.  P.  I.  esti- 
mates of  net  additions  to  proved  reserves — 2.45  billion  barrels  in  1937 
and  1.84  billion  barrels  in  1938. 

^  Ihiil,  pp.  20-21. 

=»  Wallace  E.  Pratt.  "Discovery  Rates  in  Oil  Finding,"  Oil  and  Gas 
Journal.  March  25,  1937,  p.  46. 

-■'  Kip.ssling,  et  al.,  op.  cit. 

=' Pratt,  loc.  cit. 

"The  same  is  true  of  gas  wells,  from  1910,  when  figures  were  first 
available,  to  1030.  K.  C.  Ileald,  "Petroleum  and  Natural  Gas,"  Techno- 
logical Trends  and  National  Policy,  National  Resources  Committee,  1937, 
p.  146. 

^Ibid.,  p.  156. 
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ment  of  randoin  drilling,  resulting  from  depressed 
prices  and  excessive  production  in  proven  areas,  such 
as  East  Texas. 

The  increasing  proportion  of  dry  holes  resulting  from 
chance  drilling  and  the  rising  expenses  of  searching 
for  deeper  oil  horizons  made  the  costs  of  random  drill- 
ing almost  prohibitive,  and  other  methods  of  exploring 
had  to  be  resorted  to.  Tliough  Jiewer  scientific  methods 
result  in  a  higher  percentage  of  oil  discoveries,  thej'  re- 
quire heavy  expenditures.  Consequently  there  has  been 
a  marked  shift  from  independent  wildcatting  to  large- 
companj"  exploration. 

No  figures  are  available  as  to  the  cost  of  random 
drilling  in  the  early  development  period,  when  surface 
indications  were  numerous.  During  the  3-ycar  period 
1934r-36,  geological  discovery  costs  were  estimated  to  be 
2.'2J:  cents  a  barrel,  and  geophysical  costs  for  the  same 
period  amounted  to  2.26  cents  a  bai-rel.-°  Although 
probably  higher  than  in  previous  years,  these  figures 
still  represent  small  percentages  of  the  crude-oil  price. 

The  amount  of  required  investigation  is  augmented 


by  the  shifts  from  territories  well  defined  through  drill- 
ing and  exploration  to  new  sections  of  the  counlr\-,  for 
which  few  geological  chita  are  available. 

Further  discoveries  by  methods  used  in  the  pa.st  are 
becoming  less  probable.  According  to  Pratt,  new 
sources  are  likely  to  be  pools  of  the  East  Texas  type, 
"stratigraphic  pools,"  where  the  reservoir  control  re- 
sults from  "shore-line"  conditions.  The  search  for  pools 
of  this  type  will  rotjuire  intensive  study  in  stratigraphy, 
sedimentary  i>etrogi'aphy,  and  paleontology,  witli  the 
continued  aid  of  geophysics.  It  will  amount,  i)racti- 
callj',  to  "core  drilling"  large  areas  to  extreme  depths. 
If  tlie  industry  delil^erately  hunts  for  stratigraphic 
traps,  Pratt  says  we  may  expect  the  recent  decline  in 
the  relative  number  of  dry  holes  to  be  arrested  or 
reversed.^" 

Drilling 

Pursuant  to  the  search  for  new  reserves,  wells  were 
sunk  deeper  and  deeper,  the  greater  depth  of  drilling 
being  made  possible  by  improvements  in  drilling  tcch- 


'  Kiossling.  rt  ah,  op.  cit. 


«  Pratt,  op.  cit.,  pp.  48-50. 
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Figure 


-Number   and   Cost  of  Geopbysical    Crews   Operating  in    the 
United   States,   1931-37. 


niqiie.  With  the  exhaustion  of  the  shallower  fields  in 
Pennsylvania,  drilling  activitj'  shifted  westward,  and 
producers  had  to  deal  with  more  resistant  formations 
at  greater  depths.  Most  of  the  Pennsylvania  and  New 
York  wells  in  the  early  1860"s  were  only  100  feet  deep. 
In  later  years  the  depth  of  the  wells  gradually  in- 
creased. Yet  most  of  the  oil  and  gas  in  the  Appala- 
chian fields  probably  has  been  produced  from  an  aver- 
age depth  of  less  than  1,800  feet.^^ 

In  1890  the  deepest  well  was  somewhat  less  than  6,000 
feet.  Even  by  1925  no  hole  had  been  drilled  as  far  down 
as  8,000  feet"  (fig.  6).^-  In  1926  a  total  of  81  million 
feet  was  drilled  to  complete  approximately  29,000 
wells;  11  years  later  about  the  same  number  of  wells 
involved  almost  94  million  feet  of  drilling  (fig.  6).^^ 
At  present  many  wells  are  being  sunk  more  than  2  miles 
into  the  earth.  The  Gulf  coast  is  the  center  of  active 
deep  drilling.  At  the  end  of  1937  there  were  41  wells 
below  10,000  feet  in  the  Texas  and  Louisiana  Gulf 
coast  districts,  whereas  in  the  first  6  months  of  1938, 


43  such  deep  tests  were  drilled,  and  7  other  tests  were 
actively  drilling  below  10,000  feet  on  July  1.=*^  The 
average  depth  of  Texas  producing  wells  today  is  3i/^ 
times  as  great  as  it  was  in  1919.^^  Whereas  Drake's 
well  reached  oil  at  691/2  feet,^''  the  deepest  drilled  test  " 
today,  in  Kern  County,  Calif.,  reached  a  depth  of  15,004 
feet  before  being  plugged  back. 

With  increased  depths  came  further  problems. 
Equipment  capable  of  withstanding  the  stresses  and 
strains  involved  in  deep  drilling  had  to  be  developed. 
Problems  relatively  simj^le  in  shallow  holes,  such  as 
reaming  or  fishing  for  broken  tools,  become  major  prob- 
lems in  deep  ones.  High  temperature  at  gi'eat  depths 
introduced  complications  in  pipe  setting  and  cementing. 
Most  difficult  of  all  are  problems  of  penetrating  beds  of 
material  harder  than  drill  steel  and  frequently'  of  drill- 
ing through  excessively  soft  formations.^^ 

Still  other  problems  center  around  the  use  of  the 
rotary  drill,  which  has  largely  replaced  the  cable-tool 
drill.  The  older  method,  successful  for  penetrating 
limestone  and  other  hard-rock  areas  and  for  drilling  in 
compai-atively  shallow  fields,  could  not  be  adapted  to 
pools  at  gi-eat  depth  beneath  alluvial  deposits  and  un- 
consolidated or  semiconsolidated  formations  that  cave 
easily ."°  One  of  the  principal  problems  introduced  by 
the  rotary  drilling  method  is  that  of  crooked  holes;  and, 
although  recent  improvements  permit  straighter  drill- 
ing, they  frequently  involve  serious  loss  of  time  and 
gi-eat  expense.  There  was  also  the  serious  danger  of 
overlooking  good  oil  sands  until  electrical  logging  was 
perfected.  Another  difficulty  involves  keeping  the  mud 
fluid  at  the  correct  density  and  viscosity-.  Controlling 
the  pressure  on  the  cutting  tool  in  order  to  avoid  dam- 
aging the  drill  pipe  or  injuring  the  bit  is  another 
problem  of  the  rotary  method.*" 

For  the  most  part  these  difficulties  have  been  met 
technically,  but  often  at  gi-eat  expense.  Drilling  costs 
mount  more  or  less  geometrically  as  wells  go  deeper. 
The  cost  per  thousand  feet  of  hole  ranges  from  $6,000 
for  the  first  thousand  feet  to  $20,000  per  thousand  feet 
when  the  depth  reaches  11,000  feet.''^     Shallow  wells 


^  Ralpli  Arnold  and  William  J.  Kemnitzer.  Petroleum  in  the  United 
States  and  Possessions,  New  York,  1931,  p.  62. 
''  Ihid.,  p.  94  ;  Kiessling,  et  at.,  op.  cit.,  ch.  VI. 
"/i)id.,  ch.  V. 


"  Earl  S.  Post,  "Gulf  Coast  is  World's  Most  Active  Deep  Drilling  Cen- 
ter," Oil  WeeMiJ,  July  25,  193S,  p.  103. 

»  "Average  Depth  of  Texas  Wells  Three  and  a  Third  Greater,"  Oil  and 
Gas  Journal.  July  7,  1938.  p.  2.S. 

"Kiessling.  et  al..  op.  cit.,  ch.  VI. 

>'The  deepest  producing  well.  Fobs  Oil  Co.'s  Buckley  No.  1.  located  in 
Terrebonne  Parish.  La.,  was  produced  from  casing  at  13,2.51-13,266  feet, 
L.  G.  E.  Bignell,  "Deep  Wells  in  the  United  States,"  Oil  and  Gas  Journal, 
September  8,  1938,  p.  69.  However,  the  well  flowed  for  only  a  few 
weeks,  so  that,  at  the  end  of  1938,  the  Kern  County  well  was  the  deepest 
producer. 

3»  Kiessling.  et  ah,  op.  cit.,  ch.  VI ;  also  see  Heald,  loc.  cit. 

!"H.  C.  Miller  and  Ben  E.  Lindsly,  U.  S.  Bureau  of  Mines,  Petroleum 
Investigation.  193h.  Hearings  on  H.  Res.  441,  73d  Cong.,  p.  1147. 

'"Kiessling,  et  al.,  op.  cit.,  ch.  VI. 

"  A  thousand-foot  well  may  cost  $6,000,  whereas  the  cost  of  an 
11,000-toot  well  would  average  $143,000.  Oil  and  Oas  Journal,  July  7, 
1938,  p.  28. 
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(liilk'il  ill  l\'iiiisylvaiii:i  uiul  New  York  very  early  in 
the  industry  did  not  exceed  a  cost  of  $300,  and  up  to 
1880  the  cost  of  wells  drilled  in  Pennsylvania  and  West 
Virginia  averaged  about  $1,200.  In  l'J35,  however,  ac- 
cording to  the  reports  received  by  the  United  States 
Bureau  of  Mines,  the  average  cost  per  well  was  approxi- 
mately $23,500.  The  great  increase  in  expense  undoubt- 
edly was  due  mainly  to  the  increased  depth  of  drilling.''- 
ilounting  difficulties  of  reaching  oil  would  have  led  to 
greater  increases  in  costs  had  il  not  been  for  technical 
advances. 

Production 

Deep  wells  give  rise  to  operating  problems  as  well  as 
drilling  problems.  By  April  1038  there  were  at  least 
25  wells  protlucing  from  knels  below  10,000  feet.''^ 
Since  an  increasing  proportion  of  production  is  likely  to 
be  from  deej)  wells,  certain  difficulties  need  to  be  over- 
come. AVhen  natural  flow  ceases,  there  is  no  artificial 
method  that  will  lili  llio  oil  from  great  depths  except 
gas-lift,  yet  casings  used  foi-  conii)leting  some  deep  wells 
will  permit  neillier  ellicient  gas-lift  (([relations  nor  effi- 
cient natural  How  after  the  tirsl  flush  is  over."  Fur- 
thermore, even  from  mcdiiun  depths  where  pumping  is 
possible,  greater  pressures  and  tlie  existence  of  lighter 
oils  combine  to  re(|uiro  ivfinements  in  tlie  construction 
of  jjumps." 

The  ijroduct  obtained  from  deeply  Inii'ied  struc- 
tures is  predominantly  a  distillate  in  a  gaseous  phase; 
the  deeper,  the  more  gaseous."^  Some  investigators  be- 
lieve this  is  due  to  the  retrograde  condensation  of  oil 
associated  with  high  pressures;  so  they  think  much 
light  gravity  crude  will  be  loft  unrecovered  because  of 
condensation  as  pressure  drops  with  production." 
Further  research  is  needed  to  determine  the  nature  of 
hj'drocarl)ons  in  such  reservoirs  and  tlie  conditions  set- 
ting the  point  at  which  the  liquid  is  driven  into  a  gaseous 
state.  Such  infoi-mation  would  have  a  bearing  on  the 
most  practicable  method  and  rate  of  flowing  the  wells." 
The  difficulty  is  that  there  is  no  way  of  observing  wdiat 
is  happening  underground  wliile  production  is  going 
on,  although  instruments  developed  in  the  past  few- 
years  for  bottom-hole  sampling  and  pressure-recording 
have  been  very  helpful. 


"  Costs  at  great  depths  mount  because  of  more  time  retiuired,  more 
equipment,  heavier  and  more  expensive  equipment,  great  hazards, 
breakase,  loss  of  drilling  equipment,  and  tedious  and  expensive  delays. 
Kie.'-sling,  et  aL,  op.  cit. 

"  World's  Deepest  Wells  Drilled  Below  10,000  Feet,  wall  chart  pub- 
lished by  ratterson-F.allagh  Corporation.  Ltd.,  April  1938, 

"  S.  F.  Shaw.  •■Gas  Lift — .Modern  Metliod  for  Production  of  Oil,"  Oil 
and  Oaa  Journal,  March  3,  lO.'iS,  p.  44. 

••^  Kiessling.  et  al.,  op.  cit.,  ch.  VI. 

"  Pratt,  op.  cit.,  p.  48. 

*^  Franlv  B.  Taylor,  "New  Research  Discoveries  Point  to  Greater 
Recoveries."  Oil  Weekly,  .\ugust  20,  1938,  p.  28. 

*^Ibid.;  also  a  statement  l)y  McOowan,  Oil  and  Gas  Jotiriinl,  May 
19,  1938,  p.  38. 


Many  other  problems  of  production  exist  because  so 
little  is  known  about  reservoir  conditions  and  the  mi- 
gi-ation  of  oil  underground  except  from  laboratorj'  ex- 
periments. It  is  known  that  100-percent  recovery  is 
never  achieved.  Some  of  the  oil  adheres  to  the  reservoir 
rock  and  is  not  recoverable  at  all. 

Oil  capable  of  being  moved  is  recoverable  by  natural 
or  artificial  drive.  There  are  three  sources  of  natural 
reservoir  energy,  namely,  water,  gas,  and  gravitation. 
The  problem  of  maximum  natural  recovery  is  largely 
one  of  maximum  efficiency  in  the  utilization  of  this 
energy.  The  well-spacing  problem  and  the  use  of  res- 
ervoir energy  are  closely  related. 

Gas  may  be  free  in  a  gas  cap  or  dissolved  in  the  oil. 
Since  free  gas  supplies  energy  in  proportion  to  its 
amount  and  pressure,"  it  is  desirable  to  retain  it  in  the 
reservoir  by  avoiding  the  gas-cap  area  or  by  carrying 
the  oil  string  down  through  that  area.  The  problem 
lies  in  locating  tlie  gas-oil  contact  line.^"  The  dissolved 
gas,  besides  providing  energy  by  expansion,  reduces  the 
oil  viscosity  and  surface  tension.  By  maintenance  of 
reservoir  pressure  the  gas  may  be  kept  in  solution  with 
the  oil.  Moreover,  if  oil  is  produced  too  rapidly — at 
excessively  higli  gas-oil  ratios — the  water  pushing  up 
against  tlie  oil  may  force  its  way  into  the  spaces  of  least 
piessur<'  and  roiiie  to  the  well-bore  in  advance  of  the 
surrounding  oil,  thus  trapping  the  oil  by  "coning." 

The  lithological  properties  of  the  reservoir  rock  in- 
crease resistance  to  ffow.  A  greater  part  of  the  oil  is 
held  within  the  pores  by  capillarity,"  while  some  is  im- 
])risoned  by  secondary  influences,  such  as  cementation. 
AVide  variations  in  the  porosity  and  permeabilit\-  of  the 
sand,  in  well  diameters,  and  in  formation  pressures  also 
complicate  production  methods.  Indeed,  the  entire 
pro])lem  consists  in  determining  and  maintaining  the 
most  efficient  rate  of  production,  since  too  slow  a  rate 
may  cause  "slippage"  of  free  gas  and  too  rapid  a  rate  in 
waste  of  reservoir  energy. '■-' 

In  operating  gas  fields  the  main  problem  is  the  de- 
cline in  reservoir  pressure  as  gas  is  i-emoved  from  the 
ground. ^^  Here,  too,  it  is  mainly  a  matter  of  control- 
ling the  rate  of  prochiction  and  the  spacing  of  wells. 

Early  production  methods  exhausted  the  reservoir 
energy    before    lifting    much    of    the    recoverable    oil. 


"  Lyndon  L.  Foley,  'Spacing  of  Oil  Wells,"  A.  I.  M.  M.  E.,  Pet.  Dev. 
Tech.,  193S,  pp.  16-22. 

^  P.  P.  Gregory,  "Gas  Caps.  Their  Determination  and  Significance," 
A.  I.  M.  M.  E..  Pet.  Dcv.  Tech..  ms.  pp.  2.'5-2n. 

"  Capillarity  results  from  surface  tension  (afTccted  by  gas  in  solution), 
cohesion  of  the  oil.  and  the  molecular  attraction  existing  between  the 
oil  and  mineral  grain  .^iurfaces, 

'=  Lester  C.  fren.  "I'"undamental  Principles  Governing  Drainage  ot 
Petroleum  fjom  its  Reservoir  Rock."  The  Science  of  Petroleum,  Lon- 
don. 1938.  I,  541. 

''^  .American  Gas  Association.  "Organization  of  tlie  Production,  Trans- 
portation, and  I>istril>ution  of  Natural  Gas  and  Manufactured  Oas  by 
Utilities."  Third  World  Power  Con/e'ence,  sec.  II.  Paper  No.  0,  Wash- 
ington, 1936.  pp.  20-21. 
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George  H.  Ashley,  State  geologist  of  Pennsylvania, 
stated  that  only  20  percent  or  less  had  been  recovered 
from  the  early  Pennsylvania  fields.^*  The  oil  remain- 
ing can  be  recovered  only  through  expensive  artificial 
means,  which  has  tended  to  hold  up  the  average  cost  of 
producing  oil.  For  instance,  in  West  Virginia,  where 
all  the  wells  may  be  classed  as  strippers,  the  net  cost  of 
producing  a  barrel  of  crude  in  1937  was  $2.30,  whereas 
in  the  Louisiana  Gulf  coast,  an  area  of  large  production 
per  well  per  day,  the  cost  per  barrel  in  1937  was  only 
71  cents.^'  Although  reservoir  conditions  in  the  two 
districts  originally  were  not  altogether  comparable,  the 
net  difference  of  $1.59  per  barrel  is  attributable  in  part 
to  the  high  cost  of  procluction  wliere  natural  energy  has 
been  exhausted.  Although  technological  advances  have 
lowered  tlie  cost  of  production  in  recent  years,="^  the 
drilling  of  deeper  and  newer  strata  is  creating  addi- 
tional production  problems  for  the  industry. 

Transportation  and  Storage 

At  the  very  outset  of  the  industry  oil  was  carried 
in  small  kegs  by  men  on  horseback  or,  as  in  the  Oil 
Creek  field,  was  loaded  directly  into  barges  and  dug- 
outs and  floated  down  the  river.  As  production  ex- 
tended back  from  Oil  Creek  transportation  became  a 
real  problem.  The  only  means  of  carrying  the  product 
to  shipping  points  and  refineries  was  by  team  and 
wagon  over  quickly  turned  up  roads.  For  a  distance  of 
from  8  to  20  miles,  $2.50  to  $5.00  per  barrel  was  paid 
for  hauling  the  crude.  Even  after  reaching  Oil  Creek 
much  oil  was  lost  owing  to  floods  and  poorly  constructed 
equipment." 

Increased  production  over  a  wider  territory  led  to 
the  development  of  railroad  tank  cars  and  then  pipe 
lines.  Leakage  in  transit  and  fires  were  major  troubles. 
Sometimes  whole  trains  were  ignited  as  a  result  of  an 
explosion  in  one  car.  On  the  first  pipe  line  the  poorly 
constructed  joints  parted  under  pressure,  and  leakage 
was  so  great  that  the  line  was  valueless.  These  diffi- 
culties were  accentuated  in  pumping  crude  over  moun- 
tains and  across  bodies  of  water. 

As  oil  and  gas  production  shifted  away  from  centers 
of  consumption,  and  since  rail  rates  remained  high  and 
discriminating,  it  became  necessary  to  construct  longer 


'■'Petroleum  Iniesiigation,  issii,  p.  593. 

'-'■  Estimates  based  essentially  on  1936  figures  of  tlie  U.  S.  Bureau  of 
Mines  ;  G.  R.  Hopkins  and  K.  L.  Stone,  "Wide  Variations  Shown  in  Cost 
of  Oil  Production."  Oil  and  Oas  Journal,  July  14.  1938,  pp.  15-17.  Al- 
though costs  are  high  in  West  Virginia,  they  continue  to  produce  because 
of  advantages  in  place  utility  and  the  superior  quality  of  the  crude  and 
also  because  operatoi-s  neglect  to  consider  their  overhead  costs. 

"  Petroleum  Administrative  Board,  United  States  Department  of  the 
Interior.  Rc/iort  on  the  Cost  of  Producing  Crude  Petroleum,  1035,  Wash- 
ington, 1936,  pp.  26-30 ;  Joseph  E.  Pogue,  "The  Economic  Structure  of 
the  American  Petroleum  Industry,'*  Third  World  Power  Conference^  sec. 
II,  Paper  No.  5.  Washington,  1936,  pp.  21-22. 

'''  It  is  estimated  that  1,000.000  barrels  of  oil  were  lost  on  the  water. 
Oil  and  Gas  Journal,  August  23,  1934,  p.  21. 
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pipe  lines.  New  tools  and  new  methods  of  putting  the 
pipe  together  had  to  be  developed.  Later  on,  as  refin- 
eries were  located  near  crude,  the  moving  of  refined 
products  raised  further  problems,  including  the  han- 
dling of  corrosive  and  highly  volatile  products. 

In  the  natural-gas  industry  the  transportation  prob- 
lem is  even  more  difficult.^*  Largest  reserves  are  lo- 
cated far  from  districts  of  large  consumption,  and  pipe- 
line transmission  is  the  only  way  of  reaching  sizable 
markets. ^^  Beginning  with  the  1920's  production  of 
casing-head  gas  increased,  and  much  of  this  gas  has 
been  wasted  because  transport  facilities  have  been  lack- 
ing.*^"  Yet  rapid  exhaustion  of  reserves  and  the  great 
expense  '^^  of  high-pressure  transmission  lines  make  un- 
economical the  laying  of  gas  pipe  line  from  many  areas, 
esi>ecially  from  small  isolated  fields. 

Major  difficulties  of  transmitting  gas  relate  to  the 
necessaiy  pressure.  At  first  it  was  thought  that  gas  was 
too  expansive  for  transportation,  that  the  pressure  at 
the  well  might  be  gaged  but  not  regulated,  and  that  the 
volume  at  the  terminus  was  indeterminable.''-  In  addi- 
tion, gas  pressure  drops  as  the  gas  travels;  consequently, 
it  was  necessary  to  develop  looping  or  step-up  lines  to 
maintain  pressure. ^^  Even  now,  some  leakage  is  ac- 
cepted as  normal."* 

Some  of  the  obstacles  to  efficient  transportation  are 
likewise  problems  in  storage.  When  oil  was  produced 
in  small  quantities,  there  were  no  storage  difficulties. 
Small  excesses  were  kept  in  crudely  built  wooden  tubs 
or  buckets.  As  the  industry  grew,  barrels  became  in- 
adec^uate  and  petroleum  was  stored  in  open  pits  or 
"sumps"  with  a  consequent  loss  through  seepage  and 
evaporation  of  lighter  constituents.  Wooden  tanks 
were  tried  next.  But  because  of  leakage  from  swelling 
or  shrinkage  of  staves  and  because  of  the  danger  of  fire, 
they  were  abandoned.  Furthermore,  among  large  con- 
tainers fire  could  spread  easily.  Metal  tanks  were 
widely  adopted,  in  spite  of  corrosion.  Evaporation 
losses  in  open-top  tanks  were  lessened,  but  not  elimi- 
nated, by  simple  roofing.  The  fluctuating  demand  for 
various  tyj^es  of  crude  and  the  great  variety  of  prod- 


53  "The  main  transmission  pipe  lines  are  the  arteries  of  the  natural- 
gas  industry."  Judson  C.  Dickerman,  "Organization  of  the  Produc- 
tion, Transportation,  and  Distribution  of  Natural  and  Manufactured 
Gas  in  the  United  States  of  America,"  Third  World  Power  Conference, 
sec.  II,  Paper  No.  6.  Washington,  1936,  p.  5. 

">  See  pp.  131-132.  192.  193  of  this  report. 

<"  Dickerman.  op.  rit.,  p.  9. 

"  The  actual  cost  of  construction,  exclusive  of  promoters'  profits  and 
questionable  expenditures,  of  long  pipe  lines  in  recent  ye.ars  has  been  of 
the  order  of  ?30,000  to  |60,000  per  mile  of  main  line,  including  com- 
pressor stations,  telephone  systems,  etc.,  ibid.,  p.  T. 

"=  Oil  and  Can  Journal,  August  23,  1934,  p.  71. 

»=  .American  Gas  -Association,  oj).  cit.,  p.  20. 

"'  Some  losses  are  inherent  in  the  transmission  of  natural  gas  because 
of  its  fluid  characteristics.  The  Bureau  of  Mines  found  that  the  leak- 
age rate  for  welded  lines  in  good  condition  was  between  10,000  and 
166,000  cubic  feet  per  year  for  a  mile.  Federal  Oil  Conservation 
Board.  Report  T  to  the  President  of  the  United  States,  1932,  p.  55. 
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nets  IkukIIoiI  have  complicated  segregation  ami  required 
prompt  changes  in  storage  practices  and  pipe-line  trans- 
portation. 

Since  the  beginning  of  the  industry,  production  has 
continued  to  exceed  consumption.  In  1929  crude  petro- 
leum stocks  reached  a  peak  of  541  million  barrels,""  but 
have  been  declining  since.  Stocks  of  refined  products 
also  have  been  higli.  In  19:57  the  supply  of  finished 
gasoline  on  hand  stood  at  a  peak  of  T'l  niillion  Ijarrels."" 
Although  some  surplus  is  essential,  some  is  uninten- 
tionally accumulated  as  a  result  of  fortuitous  discovery 
and  miscalculation  of  demand  for  refined  products. 

Refining 

The  principal  objective  of  refining  is  to  obtain  maxi- 
mum yields  of  high-value  products  at  minimum  refining 
costs.  The  problem  is  one  of  develop- ng  e<|uipnient  and 
operations  that  will  not  only  he  adaptable  to  the  wide 
variety  of  crudes  but  also  will  be  flexible  enough  to 
meet  changing  demands  for  varying  quantities  and 
qualities  of  products."'  At  the  same  time  there  is  the 
question  of  utilizing  residual  material. 

For  the  first  50  years  at'tei-  Drake's  discovery  petro- 
leum was  refined  primarily  lor  kerosene,  and  the  more 
volatile  constituents  of  petroleum  were  dangt^rous  by- 
products."* In  1880,  according  to  data  from  the  United 
States  Bunau  of  Census  reports,  kerosene  represented 
75  percent  of  the  crude  refined,"'  while  the  12.5  jiercent 
of  the  crude  unaccounted  for  pn  l)ai)ly  rejiresented 
mainly  evaporation  of  the  light  fractions.  Kerosene 
produced  under  these  ru<limentary  methods  was  fre- 
quently inconsistent  in  quality  and  had  an  offensive 
odor.'"  When  too  inuch  gasnlinc  was  lel'I  in  il  I  lie  kero- 
.sene  sometimes  exjiloded  when  used.  Kxplosions  and 
fires  were  reported  in  many  of  the  fi:-sl  plants,  and 
several  of  the  plants  never  completed  I  heir  first  runs. 

The  properties  of  crudes  differ  greatly,  and  refinery 
operations  must  be  adapted  to  these  dillerences.  Some 
Pennsylvania  and  Ohio  crudes  have  only  0.05-0.08  per- 
cent sulphur  and  Lima-Indiana  oil  contains  0.55  per- 
cent, whereas  in  west  Texas  some  crudes  liave  nearly  3 
percent  sulphur  and  in  the  .'^aiita  Maria  field  in  Cali- 
fornia tests  have  shown  as  much  as  4.10  percent.'^ 
Crudes  from  the  Texas  Panhandle  contain  sulphurous 


'^■'  Includes  fuel  oil  in  California.  Mineral  Resources,  1929,  pt.  II. 
p.  470. 

"  Minrralx  Yearhonk.  m.lX,  p.  S7-1  ;  also  Prtrolrum  Facts  and  Figures. 
293^,  .•Vmeric.'in  Potroli'um  Institute,  New  York.  p.  1-3. 

"'  Noel  Robinson,  "Organization  of  Production,  Relining,  and  Distribu- 
tion of  Petroleum  and  Petroleum  Products,  History  and  Status  of  Petro- 
leum Rcflning."  Third  Worhl  Power  Conference,  sec.  II.  Paper  No.  5, 
Washington,  1936,  p.  6. 

"•^  Scietice  of  Petroleum,  I,  ix-x!i,  preface. 

"Petroleum  Facts  and  Figures.  1937.  p.  116. 

'"  Kiessling,  et  at.  op.  tit.,  ch.  VIII. 

"  Reports  of  the  U.  S.  Hureau  of  Mines  tabulated  in  Arnold  and  Kem- 
nitzer.  op.  cit..  pp.  85,  136,  240,  417,  751. 
129960—39 11 


compounds  thai  break  down  on  distillation  and  pro- 
duce corrosive  vapors.'-  California  crudes  have  an 
asphaltic  ba.se  and  conttiin  virliuiUy  no  wax,  wjiereas 
Appalachian  crudes  have  a  parallin  base.  Many  mid- 
continent  oils  contain  varying  amounts  of  wax  and 
naphthenes.  Consequently  different  refining  processes 
were  necessary  in  different  parts  of  the  country. 

The  de\eloprnent  of  the  internal-combustion  engine 
maile  it  unnecessary  to  w-aste  the  lighter  fractions  of 
crude  petroleum,  and  within  a  few  years  the  demand  for 
gasoline  had  grown  so  rapidly  that  it  became  the  major 
refineil  product.  At  the  same  time  electricity  was  sup- 
planting kerosene  as  an  illuniinant. 

During  the  war  rapid  growth  of  fuel  consumption  by 
automobiles  and  the  high  cost  of  crude  mtide  it  desir- 
able to  vary  I  he  reliniiig  process  so  as  to  get  an  in- 
creasing yield  of  gasoline.  The  cracking  process  was 
introduced.  With  it  came  many  technical  problems. 
At  first,  equipment  needed  to  be  developed  which  would 
withstand  the  high  temperatures  and  pressures  re- 
quired in  the  cracking  jirocess  as  well  as  the  accom- 
panying corrosion.  One  difiiculty  that  seemed  insur- 
mountable was  the  deposit  of  carbon  on  the  bottom 
of  the  still,  tnini  and  discoloration  in  the  gasoline 
have  not  yet  been  entirely  eliminated.  In  recent  years 
the  quality  of  motor  fuel  has  been  stressed.  Modern 
high-coinpression  engines  in  automobiles  ;uid  air|)lanes 
require  fuel  which  has  a  higher  octane  rating  or  less 
tendency  to  knock  in  the  motor.'^  More  exacting  speci- 
fications for  other  products  have  made  the  refining 
[)r(;cess  difficult  to  coordinate. 

lletining  engineers  have  successfully  applied  them- 
selves to  the  task  of  extracting  gasoline  from  natural 
gas  in  order  to  save  it  and  to  prepare  the  gas  for  trans- 
portation. Natural  gasoline,  if  left  in  the  gas,  con- 
denses and  chokes  the  pipe  line. 

Technical  Advances 

Difliciilties  described  in  die  ])recediiig  discussion  have 
been  offset  to  a  great  cxti'iit  by  repeated  teclmical  im- 
pi'()\'("nients. 

Exploration 

The  constantly  changing  techni(|ue  applied  to  the 
search  for  crude  has  enabled  the  industry's  supply  to 
keep  ahead  of  demand.  At  first  explorers  drilled  where 
there  were  actual  surface  indications,  but  later  came 


■"  Ihid.,  p.  207. 

^  The  avei'age  compression  ratio  in  automobile  engines  increased 
from  approximately  4.6  in  1928  to  G..'!  in  19.'!8.  W.  W.  Scheumann, 
".Automobile  Kn'.:ine  Design  Governs  Modern  Refinery  Methods,"  Oil 
and  O'ls  .Journal,  November  3,  19,'iS,  p.  42;  Oil  and  Gas  Journal,  Novem- 
ber 24.  in.fS.  p.  .'iO:  W.  T.  Ziegenhain,  ".Vviation  Gasoline,"  Oil  anil  Oaa 
Journal.  November  3,  1938.  p.  11. 
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Figure   TA.- — Contributions    of   the   Various    Methods    of   Discovery    to 
Cumulative  Production,  Ultimate  Production,  and  Reserves,  1922-36. 

to  depend  on  scientific  data.  Geologic  advances/*  aided 
by  improvements  in  the  techniques  of  and  facilities 
for  mapping,  indicated  with  increasing  accuracy  struc- 
tures that  might  contain  oil  and/or  gas.  Within  the 
last  15  years  the  science  of  physics  has  been  used,  and 
sensitive  instruments  have  been  developed  which  indi- 
cate something  about  conditions  deep  below  the  earth's 
surface.  Geophysical  methods  alone,  however,  with- 
out drilling  will  not  be  effective  in  finding  "strati- 
graphic  traps,"  "  one  of  the  promising  sources  of  future 
supplj'.  Soil  analysis,  a  recent  development,  may  stim- 
ulate exploratory  drilling  in  regions  where  geology  in- 
dicates the  presence  of  old  shore  lines  or  other  favorable 
structural  features.  Since  drilling  in  search  of  strati- 
graphic  pools  will  amount  practically  to  core  drilling, 
the  progress  made  in  this  technique,  including  electri- 
cal-logging and  slim-hole  drilling,  assumes  increasing 
importance. 


Scientific  methods  of  exploration  have  been  success- 
ful in  that  enough  discoveries  and  extensions  have  been 
made  to  keep  ahead  of  a  steadily  mounting  production. 
The  decline  in  the  pi'oportion  of  dry  holes  from  32  per- 
cent in  1930  to  21  percent  in  1937  is  in  part  a  reflection 
of  advances  in  the  finding  technique.'"  Tlie  significance 
of  progress  in  exploratory  technique  is  again  clear  from 
an  analysis  of  wildcat  drilling."'  During  1937  less  than 
800,000  feet  were  drilled  in  138  discovery  wells  as  con- 
trasted with  over  4  million  feet  in  1,002  dry  holes.  Only 
5.9  percent  of  tlie  holes  located  without  an  adequate 
geological  or  geophysical  basis  were  producers,  whereas 
18.8  percent  of  all  the  holes  located  on  geological 
and/or  geophysical  information  were  producers.  In 
other  words,  locations  based  on  technical  advice  were 
three  times  as  successful  as  locations  made  without  it. 

The  effectiveness  of  scientific  exploration  and  its  in- 
creased importance  in  recent  years  is  further  evident 
from  a  study  made  by  Pratt.'**  In  the  period  between 
1931  and  1935  scientific  methods  were  responsible  for 

80.5  percent  of  the  major  oil  fields  discovered,  while 
only  12.5  laercent  were  discovei-ed  through  pure  random 
drilling.  An  examination '"  of  the  541  oil  fields  dis- 
covered in  the  United  States  from  the  beginning  of  1922 
to  the  end  of  1936  shows  that  tlie  number  of  major  oil 
fields  found  through  scientific  teclmique  far  exceeds  the 
number  found  by  I'andom  drilling.  A  division  of  all 
reserve  discoveries  to  the  end  of  1936  indicates  that  ge- 
ology was  responsible  for  37.8  percent,  geophysics  16.1 
percent,  chance  drilling  24.5  percent,  and  the  remaining 

21.6  percent  accounts  for  oil  fields  discovered  prior  to 
1922  (figs.  8,  9,  and  10).  The  percentage  of  random 
discoveries  is  large  because  of  East  Texas.  The  chance 
location  of  that  great  field  indicates  a  need  for  further 
improvement  in  finding  technique.  In  the  future  a 
mixture  of  all  the  sciences — geology,  geophysics,  stra- 
tigraphy, and  paleontology — will  more  than  likely  be 
used  to  discover  additional  reserves. 

Drilling 

Advancements  enabling  the  drill  to  penetrate  all 
kinds  of  formations  at  ever  increasing  depths  have  been 
a  major  factor  in  extending  tlie  life  of  known  reserves. 
In  the  middle  of  1938  there  were  in  the  United  States 
about  125  wells  below  10.000  feet.«»  The  outstanding 
change  in  drilling  technique,  directly  responsible  for 


"For  a  fuller  discussion  of  technical  advances  and  exploration  see 
pt.  three,  sec.  II,  of  this  report. 

"  See  pp.  137  and  348-349  of  this  report. 


""The  1937  ratio  was  the  lowest  in  nearly  20  years.  In  1938  the 
ratio  i-ose  to  22  percent.  Mineral  Resources  of  the  United  States,  liiSO, 
pt.  II,  p.  861;  Minerals  Yearbook,  103S,  p.  836;  Petroleum  Facts  and 
Figures,  1937,  p.  79  ;  James  Mclntyre,  "Completions  in  1938  Decline," 
Oil  and  Oas  Journal,  January  26,  1939,  p.  76. 

"  Drilling  outside  of  known  pools  which  may  be  regarded  as  tests  of 
unproved  stratigraphic  and  structural  pos.'^ibilities.  Frederic  H.  Lahee, 
"Wildcat  Drilling,"  Oil  and  Gas  Journal,  March  17,  193S,  p.  841. 

"  Pratt,  op.  cit.,  p.  46. 

'»  Kiessling,  et  al.,  op.  cit.,  ch.  IV. 

™In  April  1938  there  were  119  wells  drilled  below  10,000  feet, 
Patterson-Balla^h  Corporation,  loc.  cit. 
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rejii'liiiiL'  ^M-cntiT  (Icptlis,  was  tin-  sliift  froin  tlie  cable- 
tool  iiK'thoil "'  to  the  rotary  iiu'thoil.  By  a  long  line  of 
improvements*-  the  rotary  mctliod  has  reached  a  high 
degree  of  perfection.  As  a  result  of  development  of 
"hard  rock"'  bits  and  liard-surface  alloys,  the  rotary 
system  has  been  adapted  for  use  in  practically  all  for- 
mations. The  success  of  the  rotary  system  has  been  due 
largely  to  improvements  in  circulating  nnuls.  Such 
fluids  today  are  carefully  maintained  at  predetermined 
standards  of  weight  and  viscosity.  Important,  too,  has 
been  the  progress  made  in  cement  and  casing  techniques. 
Cements  that  will  set  under  abnormal  conditions,  quick- 
setting  reagents,  and  new  cementing  methods'*-'  have 
been  developed.  Seamless  steel  pipe  has  supplanted 
other  pipe  used  for  casing. 

With  increased  depths,  the  trend  has  been  toward 
larger  and  heavier  rigs,  and  new  improvements  liave 
been  made  in  the  design  of  various  parts  of  the  equip- 
ment so  that  today  are  being  made  machinery  and  ma- 
terials which  will  withstand  the  stress  normally  ex- 
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"  There  have  been  many  improvements  in  the  cable-tool  method,  and 
the  standard  cable  method  in  portable  outtits  is  still  used  for  shallow 
drilling;  (to  about  4,000  feet)  and  prospecting,  since  it  takes  less  time 
to  rig  up  than  the  modern  rotaries.  Recent  development  in  portable 
outfits  is  discu.ssed  by  L.  G.  E.  Bi^nell,  "Flndinj;  New  Pools  Facilitated 
by  I'se  of  Portable  Machines."  OH  aud  Goh  Jnuniiil.  March  17,  1038, 
pp    44—45, 

'=  For  a  disiussion  of  technical  improvements  see  pt.  three,  sec.  II, 
p.  S.")0  of  this  report. 

*>  Such  as  the  multistage  cementing  method  and  the  "squeeze"  method. 


1         1         1 

NUMBER     AND    CUMULATIVE    ULTIMATE 

PRODUCTION    OF   ALL    FIELDS    DISCOveRED 

/ 

/ 
/ 

f 

CUMUL 

PAOOU 

tCt-iWt    ULT.MA 
T.ON  OiSCOut 

1 
1 
1 

^ 

1 

1 
1 

/ 

^^^- 

.-^' 

"~' 

f>^- 

/ 
/ 

OIL    f'CLOS   OlSCOvCBtD^ 

,1,1, 

\    MAN    STUOXS 


l"ict:RK  0. — Contribution  to  Oil  Reserves  by  Different  Methods  of  Dis- 
covery, 1922-36. 


156 


National  Resources  Committee 


eiLLIONS    OF  BARRELS 


(922  1924 

BILLIONS  OF  BARRELS 


1             1 

1   GEOPHYSICAL    METHODS   | 

CUMULATIV 
PRODUCT  lO 

E    ULTIMATE 

y   DISCOVERED V,^ 

^^^ 

RESERVE 

!^m%i 

^;..^ 

1922  1924 

BILLIONS  OF   BARBELS 


Figure  10. — Cumulative  Production  and  Cumulative  Ultimate  Production 
of  Million-Barrel  Oil  Fields  Discovered  by  DiCEerent  Methods  of 
Exploration,  1922-36. 

pected  in  wells  15  thousand  feet  deep.*'  Likewise,  since 
power  units  are  heavier  and  more  self-contained,  their 
efficiency  has  been  improved.  Although  a  few  electric 
motors  are  being  used,  steam  is  still  the  principal  source 
of  power  for  well  drilling.  Radical  changes  in  oil-field 
steam  jilauts  have  resulted  in  increased  power  and 
higher  efficiencies.*^ 

The  development  of  efficient  control  equipment  per- 
mitted drilling  in  high-pressure  areas.  Increased  pres- 
sures and  speed  in  drilling  caused  crooked  holes,  but  as 
a  result  of  control  and  recording  devices  this  tendency 
has  been  corrected,  and  many  wells  today  deviate  less 
than  2°  from  the  vertical. *•*  Furthermore,  the  angle 
at  which  a  hole  is  drilled  may  be  so  controlled  that  the 
bottom  of  the  well  will  be  at  a  pi'edetermined  point 
many  hundreds  of  feet  laterally  from  the  derrick  floor. '^ 
Controlled  dii-ectional  drilling  is  especially  advanta- 
geous in  off-shore  regions  or  in  swampy  lands,  such  as 


"  K.  C.  Heald,  loc.  cit.  The  deepest  drilled  test  at  present  is  15.004 
feet  helow  the  earth's  surface. 

^  Kiessling,  et  al.,  op.  dt.,  ch.  V. 

'"  H.  C.  Miller  and  Ben  E.  Lindsly,  Petroleum  Ini'extigntwn.  WSJ.  p. 
1154. 

"  Stalcup,  loc.  cit. 


those  along  the  Gulf  Coast.**  At  Huntington  Beach, 
Calif.,  in  the  period  from  1933  to  1937,  nearly  30  million 
barrels  of  oil  were  produced  from  86  wells  *°  slanted 
from  the  inlands  into  the  tidal  and  submerged  lands. 

Reserves  have  been  extended  further  because  reduc- 
tions in  costs  and  time  have  encouraged  more  drilling. 
Although  the  costs  have  risen  with  increasing  depths,  a 
comparison  of  earlier  costs  with  recent  expenditures  for 
wells  of  the  same  depth  illustrates  technological  sav- 
ings. In  the  Appalachian  field,  the  average  cost  be- 
tween the  years  1865  and  1872  for  a  depth  of  1,200  feet 
was  $8,000,  whereas  in  1928  a  1,200-foot  well  in  this 
field  cost  from  $3,000  to  $5,000."°  In  East  Texas  in 
1931,  wells  averaging  3,725  feet  in  depth  cost  approxi- 
mately $18,000;  '1  while  in  1934  one  from  3,000  to  3,500 
feet  cost  as  low  as  $8,500."- 

Tremendous  speed  has  been  gained  in  drilling  opera- 
tions. Recently,  a  well  was  drilled  in  California  to  a 
depth  of  13,315  feet  in  239  days,  including  44  days  lost 
because  of  mechanical  trouble,'^  whereas  in  Texas  in 
1920,  it  sometimes  took  a  whole  year  to  reach  3,500  to 
5,000  feet.  In  1930,  it  still  took  between  60  and  90  days 
to  reach  a  depth  of  3,200  to  3,500  feet  in  Texas,  whereas 
in  1934  only  15  days  were  required."^  In  fact,  in  the 
East  Texas  field,  wells  over  3,000  feet  are  being  drilled 
and  completed  in  1  week."^ 

Technological  advances,  then,  have  facilitated 
speedier  and  cheaper  drilling  to  ever  gi-eater  de])ths. 
Maximum  recovery  from  these  depths  is  the  next  con- 
cern of  the  industry. 

Production 

^luch  progress  has  been  made  in  increasing  recovery. 
Improvements  have  promoted  a  more  economical 
method  of  producing  the  oil,  a  higher  percentage  of  re- 
covery, and  the  piunping  of  oil  from  greater  depths. 
Production  methods  have  advanced  through  increased 
application  of  knowledge  of  conditions  that  control  the 
occurrence  of  oil. 

The  most  efficient  operation  results  from  maximum 
use  of  natural  energy.  Gas  energy ""  has  been  conserved 
through  better  control  of  gas-oil  ratios  ^'  and  by  the  ap- 


**  Miller  and  Lindsly,  loc.  cit. 

s"  William  J.  Kemnitzer,  "Billion  Barrels  May  Ultimately  Be  Secured 
Off  Pacific  Coast."  Oil  and  Gas  Journal.  November  18.  1037,  pp.  30-40. 

00  Arnold  and  Kemnitzer.  op.  cit..  p.  05. 

"1  Harold  Vance,  "Petroleum  in  East  Texas  during  1032."  A.  I.  M.  M. 
E..  Pet.  Dev.  Tech.,  1933,  p.  318:  also  in  Petroleum  Investigation,  lOSi, 
p.  1150. 

»=  Statement  by  Harvey  C.  Fremming,  President,  International  Oil 
Workers  Union.  Petroleum  Investipation.  i9M.  pp.  204—205.  Other  fac- 
tors to  be  considered  in  comparing  costs  are  the  changes  in  the  pur- 
chasing power  of  the  dollar,  the  differences  among  localities  an  sub- 
surface conditions,  and  the  place  utility  of  the  product. 

6=  L.  P.  Stockman,  "Drilling  Past  13,400  Feet."  Oil  and  Gas  Journal, 
February  24.  1938,  p.  65. 

<"  Fremming.  op.  cit.,  p.  294. 

»'  Kifssling.  et  al.,  op.  cit.,  ch.  V. 

M  See  al  o  pp.  .355-350. 

•"The  number  of  cubic  feet  of  gas  produced  with  a  barrel  of  oil. 
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plicaiioii  of  ulfective  ineLhotls  of  back  piL'ssiire.  En- 
croaching edge  water,  another  source  of  reservoir  en- 
erg}',  has  been  more  effectively  utilized  in  recent  years 
by  regulating  the  rate  of  flow  of  wells  and  by  return- 
ing any  water  produced.  Remarkable  developments  in 
squeezing  and  other  cementing  techniques  have  resulted 
in  reduced  gas-oil  ratios  and  successful  shutling  off  of 
water."'"  In  natural-gas  wells,  water  encroaclimeiit  and 
the  entrapment  of  gas  are  prevented  by  the  application 
of  back  pressure  at  the  sand  face.  Efficient  production 
methods  today,  therefore,  utilize  the  reservoir  energj' 
by  maintaining  a  minimum  gas-oil  ratio,  producing  a 
iiiininium  of  water,  providing  for  a  slow  pressure  de- 
cline, and  avoiding  the  formation  of  low-pressure  areas. 

The  adoption  in  recent  years  of  methods  for  main- 
taining reservoir  pressure  has  increased  greatly  the  ulti- 
mate recovery  of  oil  at  a  lower  investment  cost  per 
barrel  produced.  The  success  of  pressure  maintenance 
is  shown  by  Continental  Oil  Co.'s  Tepetate,  Louisiana, 
oiJerations,  where  the  ultimate  recovery  was  increased 
by  at  least  40  percent.**  Cook  Ranch  field  of  Shackel- 
ford County,  Tex.,  is  another  instance  where  pressure 
maintenance  raised  the  ultimate  recovery;  in  that  case 
from  7,500,000  barrels  to  20,000,000  barrels."" 

Many  studies  have  been  conducted  to  find  the  most 
efficient  rate  of  withdrawal,  and  recoveries  have  been 
increased  because  of  adjustment  of  the  rate.  Methods 
for  determining  the  number  of  wells  that  should  be 
drilled  have  been  devised.'  The  natural  flow  may  be 
stimulated,  and  sometimes  abandonment  may  be  pre- 
vented by  the  use  of  certain  completion  practices  such 
as  treating  with  acids. 

Certain  experiments  in  1932  with  different  methods 
of  production  proved  that  increased  recovery  could 
be  obtained  if  producing  practices  were  modified  to 
conform  with  conditions  of  oil  occurrence.-  In  the  first 
case,  with  tlie  gas  well  shut  in  and  the  oil  well  pro- 
ducing at  a  slow  rate,  the  recovery  was  51  percent  of 
the  oil  in  the  reservoir.  In  the  second  experiment, 
where  the  gas  was  conserved  but  the  oil  well  ofxirated 
at  a  rapid  rate,  the  recovery  was  only  22  percent,  and 
the  water  showed  a  tendency  to  cone  toward  the  well. 
The  third  case,  in  which  gas  from  tlie  free-gas  area 
was  produced  and  wasted,  resulted  in  a  recovery  of 
only  11.3  percent. 


'"»  C.  p.  rarsons,  "Squeeze  Cementing  for  Controlling  Gas-Oil  Ratios," 
Oil  and  Gas  Journal,  March  17,  lO.'iS.  p.  lO."?. 

"^  Tlie  averaco  production  per  pound  of  pressure  drop  has  been  r.iised 
from  S.O.'iO  barrels  to  42,500  barrels.  E.  O.  Bennett.  "Pressure  Mainte- 
nance," Oil  and  Gax  Journal,  .Tune  2,  19:!S,  pp.  8I8-.53. 

"Mitchell  Tucker.  "New  Form  of  Texas  Proration  Hinted  at  Aniarillo 
Sessions."  Oil  and  Gax  Journal,  February  24,  1038.  p.  51. 

'  Lyndon  L.  Fole.v.  "Spacing  of  Oil  Wells"  ;  A.  I.  M.  M.  E.,  Pet.  Dev. 
Tech.,  I9SS,  pp.  16-22. 

2  Conducted  at  the  iinnual  meeting  of  the  .\merican  Petroleum  Insti- 
tute, Houston,  1932  ;  Miller  and  Lindsly,  op.  cit.,  pp.  1220-21. 


Wiien  the  natural  energy  in  the  reservoir  is  ex- 
hausted, air  or  gas  lift  is  employed.^  The  greatest  ad- 
vancement in  this  technique  has  been  the  development 
of  the  intermittent  and  stage-lift  devices  for  low-pres- 
sure wells  which  ordinarily  would  require  excessive 
volumes  of  gas. 

Production  from  gas  fields  causes  a  rapid  decline  in 
formation  pressure.  Compressors,  or  mechanical  de- 
vices comparable  to  pumps,  are  used  in  older  fields 
where  the  pressure  is  declining  rapidly  because  no  back 
pressure  was  earlier  applied. 

Wlicn  an  oil  well  will  no  longer  flow  naturally  or  by 
artificial  lift  it  has  to  be  pumped.  Improvements  in 
pumping  equipment  have  been  aimed  toward  lower 
costs  and  the  ability  to  produce  from  greater  depths. 
At  the  present  time  pumps  are  designed  for  working 
pressures  up  to  4,000  pounds,  corresponding  to  depths 
of  10,000  feet.  Oil  is  now  being  piimi)ed  from  8,600 
feet.''  Probably  the  most  outstanding  achievement  was 
the  operation  of  subsurface  pumps  and  the  consequent 
develdpinent  of  hydraulic  units.  The  latter  are  neither 
limited  by  deptli  nor  haiKlicai)ped  by  crooked  holes. 
Greatly  reducing  operating  costs  is  the  recent  applica- 
tion of  multiwell  installations,  now  used  for  operating 
a  group  of  wells  from  a  central  hydraulic  power  plant. 
For  production  at  high  rates  of  speed  from  large  pro- 
ducers the  centrifugal  pump,  introduced  about  8  years 
ago,  may  be  used.  In  the  shallower  eastern  oil  fields 
economies  have  been  effected  by  a  shift  from  the  walk- 
ing-beam and  steam-engine  type  to  the  gas  engine  or 
electrically  operated  band-wheel  power  and  the  individ- 
ual electric  pumping  jack.  In  general,  fuel  require- 
ments have  been  reduced  since  multicylinder  gas  en- 
gines and  electric  drive  liave  been  substituted  for  steam 
as  power  for  driving  pumps. 

Progress  in  secondary  recovery  methods  has  meant 
retrieving  from  wells  once  abandoned,  oil  that  might 
Iiave  been  lost  forever.  ^AHiere  extraction  methods  were 
wasteful  of  natural  energy,  as  much  as  'JO  percent  of  the 
oil  was  left  in  the  ground.  At  the  present  time  there 
are  two  methods  practiced  on  a  commercial  basis. 
Water  flooding  ^  of  oil  sands  has  been  practiced  most 
widely  in  the  Bradford  field  in  Pennsylvania  and  New 
York,  since  sand  conditions  are  favorable  and  there  are 
no  legal  prohibitions.  Since  1934  many  flooding  opera- 
tions have  been  undertaken  in  northeastern  Oklahoma 
and  southeastern  Kansas. 


'  Compressed  air  or  gas  is  injected. 

•"Hydraulic  Principles  Used  by  Kobe  for  Pumping,"  0  1  and  Gat 
Journal,  February  24.  1938,  p.  200. 

"  Water  flooding  is  the  introduction  of  water  into  special  intake  wells 
until  the  flfiid  level  is  high  enough  to  apply  sufficient  hydrostatic  head 
on  the  oil  sand  to  cause  the  water  to  enter  the  sand  and  force  its  way 
to  surrounding  wells  where  lower  pressures  prevail.  The  water  follows 
more  porous  sands  and  drives  the  oil  ahead  of  it  to  adjacent  producing 
wells.  Pump  pressures  may  be  applied  in  addition  to  hydrostatic  pres- 
sures.'   Miller  and  Lindsly,  op.  cit.,  p.  1208. 
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Water  flooding  cannot  recover  all  the  oil  in  the 
ground.  Estimates  of  recovery  by  this  method  vary 
from  approximately  15  to  30  percent*'  of  the  original 
saturation,  leaving  ai^proximately  45  to  30  percent  of 
the  oil  in  the  gi-ound. 

Capable  of  a  much  wider  application,  the  other 
method  practiced  is  the  gas  or  air  drive,  or  pressure 
drive,  usually  called  repressuring.  Air  and  gas  injec- 
tion methods  were  successful  in  some  fields  where  water 
flooding  had  failed.  H.  C.  Miller  "  cites  an  example  of 
gas  repressuring  near  Bradford  which  increased  oil  pro- 
duction 25  percent.  C.  C.  Hogg^  cites  another  Penn- 
sylvania project  repressured  continuously  since  1924 ;  in 
1934  production  per  month  was  more  than  700  percent 
greater  than  prior  to  gas-drive.  In  many  midcontinent 
fields,  repressuring  has  been  successful.  From  one  oil 
property  in  Nowata  County,  Okla.,  ultimate  recovery  of 
oil  has  been  increased  approximately  3.750.000  barrels  or 
175  percent.  A  well  may  flow  for  some  time  after  the 
pressure  has  been  restored,  thereby  cutting  the  cost  of 
producing. 

In  connection  with  a  study  of  repressuring,  labora- 
tory experiments  conducted  by  the  Bureau  of  Mines 
suggested  that  approximately  52  percent  recovery  might 
be  expected  by  normal  production  methods  followed  by 
repressuring,  but  actual  results  do  not  agree  with  the 
experiments." 

Therefore,  even  after  secondary  methods  have  been 
applied,  there  remains  in  the  sands  a  large  proportion 
of  the  original  amount  of  oil.  jNIethods  have  been  pro- 
posed for  draining  a  greater  percentage  of  the  oil  than 
is  recoverable  by  water  flooding  or  gas-air  drive. 
Among  these  is  the  proposal  for  mining  oil,  especially 
by  the  Ranney  method.^" 

Oil  mining  cannot  precede  the  primary  methods  of 
production,  since  working  conditions  are  not  safe  until 
the  gas  and  oil  pressures  have  been  relieved  by  prior 
methods.  However,  since  the  total  cost  of  producing 
oil  by  flooding  ranges  from  $1.75  up  to  $3  a  barrel  and 
the  cost  by  air  or  gas  drive  ranges  from  $2  to  $4  a  bar- 
rel,^^  and  since  recovery  by  these  methods  is  never  be- 
yond 40  percent  of  the  residual  oil,  the  Ranney  method 


•A.  John  Haworth,  "Potential  Oil  Yields  of  Reservoir  Rocks,"  The 
Science  of  Petroleum,  vol.  I,  p.  551 ;  Miller  and  Lindsly,  op.  cit.,  pp. 
1224-1225. 

'  Ibid.,  p.  1197. 

« Ibid. 

"  In  three  repressuring  areas,  one  in  Kansas  and  two  in  Texas,  ultimate 
recoveries  reached  only  37,  37,  and  40  percent  of  the  oil  in  the  ground 
and  primary  metliods  recovered  only  25.  28,  and  20  percent.  Haworth. 
lac.  cit. 

^°  Secondary  methods  are  di.«cussed  in  greater  detail  in  pt.  three,  sec. 
11.  of  this  report,  especially  pp.  357-358. 

"George  S.  Rice.  Mining  Petroleum  by  Underground  Methods,  V.  S. 
Bureau  of  Mines,  Bulletin  351,  p.  78. 


of  oil  mining  might  compete  with  existing  secondary 
recovery  methods.'- 

Still  another  process,  known  as  the  thermic  method,^^ 
has  been  experimented  with  in  this  country,  but  with- 
out any  success.  The  method  was  tried  in  Russia,  but 
the  results  are  not  known. 

From  estimates  made  by  John  R.  Suman  as  to  oil 
obtained  by  different  operating  methods,  we  may  con- 
clude that  present  efficient  production  techniques  will 
recover  a  higher  percentage  of  oil  than  could  be  secured 
by  former  primary  and  stimulative  methods  together.^^ 
It  is  evident  that  better  understanding  of  fluid  relations 
and  underground  conditions,  coupled  with  technologic 
advances  in  machinery,  has  resulted  in  gi'eater  produc- 
tion and  thereby  less  cost  per  barrel,  as  well  as  increased 
ultimate  recovery.  Furthermore,  advanced  secondary 
methods  are  salvaging  oil  lost  through  former  ineffi- 
cient production  practices.  In  the  near  future  new 
techniques,  such  as  the  Ranney  process  of  oil  mining, 
may  bring  vast  reserves  of  oil  and  gas  within  economic 
limits  of  recovery. 

Transportation  and  Storage 

Advances  in  the  technique  of  producing  oil  and  gas 
would  have  been  far  less  profitable  had  tlieue  been  no 
jjrogress  in  transportation  and  storage  facilities.  To- 
day the  largest  deposits  of  oil  and  gas  are  far  from  the 
great  consuming  regions.  In  1936  almost  600  billion 
cubic  feet  of  natural  gas,  or  26  percent  of  the  total  pro- 
duction, was  transported  across  State  lines,  and  approx- 
imately 42  percent  of  the  total  domestic  crude  moving 
to  refineries  in  1937  represented  interstate  shipments. 

Transportation  of  such  volumes  is  only  possible  be- 
cause of  continued  technological  advancements  and  the 
rajjid  extension  of  pipe  lines.  In  1937  there  were  ap- 
jjroximately  315  thousand  "  miles  of  crude,  natural  gas. 
gasoline,  and  natural  gasoline  pipe  lines  spread 
throughout  the  United  States.  Of  the  total  percent  of 
the  crude  receipts  at  refineries,  71  percent  moved  in  by 
pipe  lines.  Furthermore,  in  recent  years  many  gasoline 
and  natural  gasoline  lines  have  been  constructed. 

Development  of  gas-transmission  systems  has  meant 
the  utilization  of  large  quantities  of  gas  that  otherwise 
would  have  been  M'asted.  Natural  gas  is  distributed 
to  cities  in  most  parts  of  the  country  from  Pitts- 
burgh, Washington,  and  Buffalo  in  the  East  to  San 
Francisco  and  Los  Angeles  in  the  West.  In  1920  enor- 
mous gas  reserves  were  discovered  in  certain  regions 
believed  at  the  time  to  be  too  far  removed  from  large 


'-  Mining  methods  recover  from  65  to  .SO  percent  of  the  oil  in  the 
ground.     Correspondence  from  Leo  Ranney.  August  20.  193."! 

"  Underground  gasification  of  oil.  Oil  and  Gas  Journal,  March  4, 
1937.  p.  56. 

"  Quoted  hy  Miller  and  Lindsly,  op.  cit.,  p.  1224. 

'^  Walter  M.  W.  Splawn.  "Transportation  by  Pipe  Lines."  Oil  and  Gas 
Journal,  September  22,  193S,  p.  66. 
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centers  of  pupulatioii  to  make  practical  the  construction 
of  pipe  lines  to  adequate  markets.  Substantial  im- 
provement in  the  art  of  constructin":  natural  gas  pipe 
lines,  liowever,  facilitated  takinir  natural  <^as  from 
Monnii'.  La.,  to  St.  Louis,  to  At  lania  and  Birmingham, 
Mem|)lii.s  and  Xew  Orleans,  to  Dallas  and  Fort  AVorth: 
and  the  development  of  pipe-liiiL-  systems  from  tl\e 
Amarillo  field  enabled  delivery  of  natural  gas  to  C'lii- 
cago,  Detroit,  Minneapolis,  and  Denver."'  The  average 
cost  of  a  mile  of  pipe  line  is  about  one-tenth  the  cost 
of  a  mile  of  railroad  line. 

Tlie  greatest  achievement'"  in  \n\w  lines  has  been  the 
adoption  of  oxyacetylene  welding  and  later  electric 
welding.  Other  improvements  have  been  made  in  the 
pipe  line  itself  and  in  the  methods  and  facilities  for 
trenching  and  laying  the  pipe.  The  routing  of  pipe 
lines  has  been  materially  aided  by  aerial  photographic 
mapping. 

Oil  and  gas  can  be  transported  for  greater  distances 
as  a  result  of  better  pumps  and  compressors.  The  pri- 
mary change  has  l)een  a  shift  from  the  steam-operated 
reciprocating  type  to  the  centrifugal  type,  driven  either 
by  electricity  or  by  high-speed  multicylinder  oil  or  gas 
engines. 

Kecent  improvements  have  simplified  the  problem  of 
maintenance,  ilurphy  points  out  ^^  that,  with  properly 
scheduled  reconditioning  programs  and  with  recently 
developed  applications  of  welding,  the  pipe  lines  now 
in  u.seful  operation  in  the  oil  and  gas  industry  in  the 
United  States  may  be  kept  in  continuous  operation  many 
years.  Underground  corrosion  has  been  reduced  greatlj' 
because  of  the  protection  of  coating  for  pipes  and 
cathodic  protection.  Interruptions  in  gas-line  move- 
ments are  less  frequent  since  better  maintenance  pro- 
grams have  been  installed  in  compressor  stations.  Oil 
moves  through  pipe  lines  today  at  a  maxinnnn  speed  of 
about  4  miles  per  hour.^"  Evaporation  and  leakage 
losses  in  the  storage  tanks  on  oil  pipe  lines  have  been 
reduced  considerably  since  vapor-tight  tankage  has  been 
used. 

Also  of  importance  has  been  the  evolution  of  railroad 
tank  cars  and  tank  trucks.-"     ("lianiivs  in  tiie  construc- 


'«  Halph  E.  Davis,  "The  Natural  Gas  Supply  of  the  United  States," 
presented  before  the  Mid-West  Gas  Association.  St.  Paul,  Minn.,  April 
12,  1938;  also  in  OaK.  May  3.  1938,  p.  29. 

'•  For  complete  treatment  of  the  technological  progress  in  the  trans- 
portatinn  phase,  see  pt.  tlireo,  sec.  II,  p.  300  of  this  report. 

"  Mike  Murphy,  "Reconditioning  Operations  of  Pipe  Lines  are  Re- 
viewed," Oil  and  Gas  Journal,  September  22,  1938,  p.  204. 

'"  Splawn,  op.  cit.  p.  53. 

'"Transportation  of  crude  by  railroad  and  truclc  is  today  relatively 
unimportant.  Only  3  percent  of  the  crude  receipts  in  the  refinery  were 
transported  hy  tank  cars  and  trucks,  ilincralx  Yiarbook,  19SS,  p.  845. 
Railroad  transportation  of  crude  has  been  declining  according  to  the 
results  of  a  study  by  the  Interstate  Commerce  Commission,  in  which 
railroad  tonnage  in  1D30  was  compared  with  a  base  figure  representing 
the  average  tonnage  in  the  period  between  1923  and  1925.  While  inter- 
state movement  of  crude  was  mounting  rapidly,  the  tonnage  carried  by 
railroads  in  1936  had  decreased  62.9  percent,  Splawn,  op.  cit.,  p.  66. 


tion  and  design  of  tanks  have  promoted  safety  and  re- 
duced the  leakage  and  evaporation  losses.  Tough, 
iieavy  sheet  steel  has  been  substituted  for  iron  or  wood 
previously  u.-;ed  for  tanks.  Capacities  have  been  in- 
creased, ami  special  tanks  have  been  developed  for 
liaiisportiiig  highly  xolatile  and  corrosive  products. 

Wiienever  geographically  possible,  tanker  transporta- 
tion, being  the  cheapest  of  all  the  methods  of  moving 
oil,  is  used.  Although  in  1937  only  26  percent  of  the 
crude  receipts  at  refineries  were  transported  by  boat,^' 
it  is  estimated  that  about  75  percent  --  of  the  Nation's 
oil  production  is  transported  by  water  at  some  stage  of 
its  movement  from  the  wells  to  consumption. 

Notable  progress  in  the  design  and  construction  of 
tankers  has  resulted  in  increased  speed,  capacity,  and 
economy  of  operation.  Of  major  importance  has  been 
the  introduction  of  welding  in  the  larger  vessels,  with 
a  corresponding  savings  in  weight,  as  well  as  less  op- 
portunity for  surface  corrosion  and  less  difficulty  in 
cleaning  the  interior  of  tanks. 

Today,  the  most  efficient  steam  units  developed  liy 
American  naval  engineers  consume  about  0.C5  to  0.7 
pounds  of  fuel  per  horsepower  per  hour.  Tiie  Diesel- 
powered  tankers  or  motor  ships  are  even  more  efficient, 
consuming  only  0.3.5  to  0.4  pounds  of  fuel  per  horse- 
2)ower  per  hour.  The  latter  are  especially  suited  to  long 
transoceanic  voyages  and  therefore  are  used  less  by 
American  than  by  foreign  shippers,  because  ocean  traf- 
fic is  largely  under  foreign  control. 

Closely  related  to  transportation  is  the  problem  of 
storage.  It  is  estimated  that  in  the  United  States  in 
1935-37  the  motor  fuel  on  hand  varied  from  3(5  to  GO 
days'  supply.  At  the  end  of  1937,  stocks  of  finished 
gasoline  approximated  70  million  barrels.-'  A  recent 
survey  by  the  Bureau  of  Mines  -^  estimated  that  a  mini- 
mum working  stock  of  crude  oil  is  about  105  million 
barrels,  aside  from  needed  contingent  reserves  above 
ground  of  about  100  million.  This  same  survey  indi- 
cated that  stocks  of  crude  are  stored  for  a  considerable 
period  of  time,  the  weighted  average  age  of  all  .stocks 
as  of  June  30,  193G,  being  about  3  years.  About  62  per- 
cent of  the  311  million  barrels  of  crude  stocks  had  been 
in  storage  less  than  6  months,  but  12.5  percent  had  been 
stored  more  than  11  years. 

Important  progress  has  l)een  made  in  the  reduction 
of  losses  from  seepage,  leakage,  and  evaporation  of  the 
lighter  constituents.  The  latter  results  in  the  reduction 
of  quality  as  well  as  quantity  of  oil.  The  chief  factor 
in  tliis  reduction  lias  been  the  shift  from  all  other  types 


='  Minerals  Yearbook,  19SS,  p.  845. 

--  H.  Stanley  Norman.  "Ocean  Tankers.  Inland  Barges.  Supplement 
Pipe  Lines."  Oil  and  Ga-i  -Journal.  September  22,  1938,  pp.  60-01. 

^  Minerals  Yearbook,  19JS,  pp.  874,  875. 

=' U.  S.  Bureau  of  Mines,  R.  I.  3417,  Survey  of  Crude  Oil  in  Storage, 
19S6-MS7,  pp.  33-34. 
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of  storage  to  storage  in  steel  shells,  which  combine 
qualities  of  low  initial  and  maintenance  costs,  mova- 
bility,  low  evaporation  losses,  and  reduction  of  fire 
hazards.  On  June  30,  1936,  steel  tanks  comprised  99.5 
percent  of  the  total  storage  capacity.  Another  con- 
tributing factor  has  been  the  wider  use  of  floating-type 
roofs  and  roofs  containing  heat-insulating  materials, 
instead  of  the  ordinary  steel  and  wood  roofs.  Further- 
more, tanks  today  are  vapor-tight  and  equipped  with 
devices  to  minimize  "breathing." 

In  1921,  before  vapor-tight  tanks  and  other  evapo- 
ration reducing  methods  were  adopted,  the  average 
yearly  evaporation  loss  "^  from  the  well  to  the  refineries 
was  6.2  percent  of  gross  production.  Recent  observa- 
tions ^^  indicate  an  average  reduction  of  about  68  per- 
cent in  this  loss,  despite  the  fact  that  the  average  vola- 
tility of  the  crude  oil  handled  has  increased  within  the 
past  few  years. 

Modern  storage  facilities  better  conserve  the  lighter 
fractions  of  the  crude.  One  analysis  ^'  shows  that  the 
distillates  recoverable  from  oil  in  storage  before  1925 
compare  unfavorably  with  those  from  the  oil  stored  in 
later  periods,  in  spite  of  the  fact  that  the  former  was 
from  flush  production  and  originally  contained  a  greater 
quantity  of  lighter  fractions.  The  oil  stored  from  1931 
to  1935,  however,  compares  favorably  with  that  stored 
in  1936.  In  part,  the  favorable  showing  of  the  oils 
stored  from  1925  to  1935  reflects  the  improvement  in 
equipment  and  the  adoption  of  practices  for  preventing 
losses  from  evaporation. 

Between  1924  and  1934  evaporation  losses  in  the  re- 
finery had  been  reduced  from  2.1  percent  of  the  crude 
run  to  stills  to  approximately  1.5  percent,  even  though 
the  average  gasoline  marketed  in  recent  years  is  more 
volatile  than  that  sold  in  1924.=^ 

Special  spheroid-shaped  tanks  have  been  designed 
for  storing  highly  volatile  products  such  as  casing-head 
gasoline  or  volatile  crude  oil.  For  the  storage  of  munic- 
ipal gas  special  spherical  tanks  l^ave  been  constructed.-^ 

From  the  story  presented,  it  may  be  seen  that  tech- 
nology has  kept  pace  witli  the  increasing  demands  and 
needs  of  the  petroleum  industry  and  that  great  savings 
have  been  effected  in  the  production  phase.  Savings  in 
the  use  of  the  crude  will  be  discussed  iiext. 


'■•  An  estimate  of  the  total  evaporation  loss  of  crude  petroleum  in 
the  midcontinent  area  prepared  by  J.  H.  WigKins.  U.  S.  Bureau  of 
Mines,  Bulletin  iOO,  1921.  and  Technical  Paper  319,  1923  ;  also  Petroleum 
Investigation,  1931i,  p.  1946. 

=^' Testimony  by  Ludwig  Schmidt,  U.  S.  Bureau  of  Mines,  ihid..  p. 
1047  :  also  LudwiK  Schmidt.  Applied  Methods  and  Equipment  for 
Seducing  Evaporation  Losses  of  Petroleum  and  Gasoline,  Bulletin  379, 
V.  S.  Bureau  of  Mines.  1934. 

="U.  S.  Bureau  of  Mines,  R.  I.  3417.  op.  cit.,  pp,  15-25. 

=*  Schmidt,  op.  cit.,  pp.  1950-54. 

-''  Wilbur  F.  Cloud,  Petroleum  Production,  University  of  Oklahoma 
Pre-s,  1937.  p.  566. 


Refining 

Technological  advancements  in  refining  have  met  the 
problem  of  evolving  processes  which  will  yield  maxi- 
iinim  amounts  of  the  major  product,  and  refining  equip- 
ment which  permits  flexible  operations,  and  at  the  same 
time  keeps  the  cost  at  a  minimum,  has  been  developed. 

The  refining  process  is  primarily  a  separation  of  in- 
dividual crude  oil  fractions  by  the  basic  processes  of 
distillation,  fractionation,  and  condensation,  supple- 
mented by  more  recent  processes,  such  as  cracking,  etc. 
Continuous  j^rogress  has  been  shown  in  the  development 
of  the  distillation  technique,  and  present-day  operations 
include  many  improvements  made  before  the  introduc- 
tion of  cracking. 

The  growth  of  continuous  operation,  the  substitution 
of  pipe  stills  for  the  horizontal  shell  stills,  plus  the 
development  of  the  bubble  tower  and  other  devices  per- 
mitting closer  fractionation,  have  been  important  im- 
provements, but  the  revolutionary  change  came  through 
the  introduction  of  thermal  cracking,^"  a  process  obtain- 
ing a  greater  yield  of  gasoline  from  the  crude.  Since 
about  1912,  when  commercial  cracking  operations  first 
began,  the  amount  of  crude  cracked  has  continued  to  in- 
crease; and  in  1936  the  amount  of  cracked  gasoline  ex- 
ceeded that  of  straight-run  gasoline  for  the  first  time.^^ 
A  new  cracking  process,  developed  within  the  last  few 
years,  eliminates  heavy  fuel  oil  residuum  and  from  any 
type  of  crude  or  refinery  residuum,  produces  high-grade 
gasolines.^- 

Of  increasing  importance  is  the  recent  process,  poly- 
merization, by  which  high  octane  gasoline  can  be  made 
from  either  natural  gas  or  refinei'y  gases  that  were  for- 
merly wasted  or  used  directly  for  fuel.  Statistics  on 
polymerization  are  not  yet  available,  but  it  has  been 
estimated  that  over  9  billion  gallons  of  polymer  gaso- 
line may  be  produced  yearly  in  the  United  States  from 
hydrocarbon  gases,  of  which  over  1  billion  gallons  may 
be  blending  stock  of  95  to  100  octane  rating.^^  Further- 
more, through  the  development  of  catalytic  polymeriza- 


™A  detailed  description  of  the  technical  progress  in  refining  is 
included  in  pt.  three,  sec.  II,  pp.  363-368,  of  this  report. 

31  Minerals  Yearbook,  J9S7,  p.  1024.  Cracking  operations  may  in- 
crease still  further  as  a  result  of  the  reduction,  effective  October  1, 
1938,  in  Dubb.scracking  royalty  costs.  In  1919  the  rate  was  15  cents 
a  barrel ;  it  was  cut  to  10  cents  in  1934,  and  at  the  present  time  is 
5  cents  per  barrel  throughput.  "Refinery  Expansion,"  Oil  and  Gas 
Journal,  August  25,  1938,  p.  45. 

^  The  Iloudry  catalytic  cracking  process  yields  upwards  of  SO  percent 
gasoline  from  low-grade  crudes  and  refinery  residuum.  The  yield  con- 
sists entirely  of  gas,  gasoline,  and  gas  oils.  The  octane  number  of 
gasoline  produced  ranges  from  77  to  81.  Eugene  Houdry,  Wilbur  F. 
Burt,  A.  E.  Tew,  and  W.  A.  Peters,  Jr.,  "The  Houdry  Process,"  Oil 
and  Gas  Journal,  November  24,  1938,  pp.  40-45 ;  also  "Houdry  Proc- 
ess," Fortune,  February  1939,  p.  56. 

»G.  EglofE,  J.  C.  Morrell.  and  Edward  F.  Nelson.  "Motor  Fuels  from 
Polymerization,"   Oil  and  Gas  Journal,  November  12,   1937,  p.  176. 
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tion,^*  it  is  possible  to  use  petroleum  as  a  raw  material 
for  the  j)roduction  of  chemical  derivatives.^'' 

In  conjunction  with  cracking  and  polymerization,  the 
hydropenation  process'"  converts  crude  oil  completely 
into  motor  fuel.  Althougli  a  few  hydrogenation  plants 
are  operated  for  special  products,  present  economic  con- 
ditions prevent  a  wide  commercial  adoption  of  this 
process.  It  is  possible  also  to  produce  synthetic  hydro- 
carbon products  by  applying  the  hydrogenation  process 
to  coal,  hut  in  the  United  States  this  idea  is  still  in  the 
experimental  stage. 

Refineries  readily  raised  the  quality  of  gasoline  when 
high-compression  engines  in  automobiles  and  airplanes 
created  a  demand  for  gasoline  which  did  not  knock. 
Important  in  this  respect  has  been  the  discovery  that  the 
octane  luunber ''  can  be  improved  by  the  addition  of 
minute  quantities  of  tetraethyl  lead,  and  today  75  per- 
cent of  the  gasoline  sold  contains  this  antiknock  agent. 
There  is  a  limit,  however,  to  the  amount  of  lead  that 
can  be  added;  in  addition  to  cracking  or  reforming 
straight-run  gasoline,  requirements  for  airplane  motor 
fuels  have  been  met  by  blending  exceedingly  high- 
octane  gasoline  with  low-octane  gasoline. 

For  extracting  gasoline  from  natural  gas,  belter 
metliods  which  conserve  oil  used  in  former  processes 
have  been  developed.^*  Although  natural  gasoline  pri- 
marily is  used  for  blending,  it  is  limited  as  to  quantity, 
and  refiners  have  resorted  to  polymerization  coui)led 
with  hydrogenation  to  furnish  high-octane  blending 
stocks. 

As  a  result  of  all  these  processes,  refiners  have  been 
able  in  10  years  to  raise  the  average  octane  number  of 
regular  brand  gasoline  from  approximately  51  in  1928 
to  the  present  average  of  71.^''  Gasolines  up  to  100 
octane  are  now  being  commercially  produced.''"  Fur- 
thermore, there  has  been  a  decided  rise  in  the  yields 
of  gasoline  and  corresponding  savings  in  the  crude 
runs  to  stills  (fig.  11).  The  average  yield  of  gaso- 
line in  1899,  when  there  was  relatively  no  demand 
for  the  product,  was  approximately  12.9  percent." 
Witli  the  introduction  of  the  cracking  process  and 
with  increased  demands  for  gasoline  after  the  war, 


»'  Converting  of  olefin  hydrocarbons  which  were  produced  by  cracliing 
butane  and  pcntane. 

•^  See  Egloft.  Morrell,  and  Nelson,  loc.  cit.,  and  Carlton  Ellis.  "Trend 
In  Petroleum  Derivatives,"  Oil  and  Gas  Journal,  April  14.  1938,  p.  59. 

**  A  profess  by  means  of  wliich  heavy  hydrocarbons  are  decomposed 
bT  heat  and  pre.ssure  In  the  presence  of  free  hydrogen  and  catalysts. 

"  A  standard  of  measurement  of  the  ability  of  fuels  to  resist  detona- 
tion. 

>*  Another  conservation  measure  is  the  utilization  as  bottled  or 
liquefied  gas  of  a  large  part  of  the  volatile  fractions  of  natural  gasoline, 
formerly  lost  by  weathering. 

»•  W.  W.  Schumann,  "Automatic  Engine  Design  Governs  Modern 
Keflnery  Methods,  '  Oil  and  Oas  Journal,  November  .3,  1938,  p.  43. 

*"  Egloff,  Nelson.  Morrell,  Cracking  Oils  the  World  Over,  p.  5. 

"  A.  I.  II.  If.  E.,  Pet.  Dev.  Tech.,  1938,  p.  291,  20  n. 
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KiGiRE  11. — Crude  Petroleum  Conserved  by  Use  of  the  Cracking  Process. 

it  rose  to  26  percent  in  1920."  Since  that  time,  due 
to  rapid  advances  in  cracking  technique,  the  average 
yield  has  been  raised  to  44  percent."  Axtell  J. 
Byles,  president  of  the  American  Petroleum  Institute, 
in  commenting  on  the  development  of  the  cracking 
process  and  its  effect  on  conservation,"  estimated  that 
without  cracking  more  than  1  billion  barrels  of  addi- 
tional petroleum  would  have  been  needed  to  satisfy  the 
1937  demand  for  products.  At  another  time,''^  Byles 
calculated  tliat  by  the  cracking  process  alone  over  61/2 
billion  barrels  of  crude  oil  had  been  saved  in  the  past 
15  years,  or  an  amount  equivalent  to  three-fourths  of 
the  preceding  10  years'  crude  production.  It  has  been 
estimated  that  the  quantity  of  gasoline''"  that  can  be 
made  by  the  polymerization  process  from  noncondensi- 
ble  gases  would  equal  from  10  to  25  percent  of  the  total 
consumption  in  the  United  States.  The  American  Pe- 
troleum Institute'"  estimates  that  gasoline  yield  from 
crude  will  continue  to  rise  in  the  future,  so  that  by  1960, 
crude  oil  requirements  will  actually  decrease  while  mo- 
tor-fuel demand  increases.  It  is  technically  possible  at 
present,  although  not  economically  feasible,  to  effect  a 
higher  yield  than  that  predicted  for  1960. 

For  ordinary  automotive  lubricants,  the  quantity  of 
crude  suitable  has  been  increased  greatly  with  the  in- 
troduction in  the  last  10  j-ears  of  solvent  refining  proc- 
esses.    Progress  has  been  made  also  in  methods  for 


"  Pogue,  op.  cit.,  pp.  27-29. 

"Minerals  Yearbook,  1938,  p.  868.  Since  1931  the  yield  has  remained 
about  the  same.     Petroleum  Facta  and  Figures,  lOSl,  p.  117. 

■"Axtell  J.  Byles,  "But  One  Correction  Indicated,  Byles  Warns  North 
Texas,"  Oil  and  Oas  Journal,  March  3,  1938,  p.  32. 

'"  Byles,  "The  Oil  Outlook,"  The  Mines  Magazine,  oflSclal  organ  of  the 
Colorado  School  of  Mines  Alumni  Association,  special  petroleum  num- 
ber, February  193G,  p.  13. 

"M.  B.  Cooke,  II.  R.  Swanson.  C.  R.  Wagner,  "The  Thermal  Poly- 
merization I'rocess  I'sed  by  Pure  Oil  on  Olefin-Bearlng  Gases,"  Oil 
and  Oas  Journal,  November  11.  193.7,  pp.  57-64. 

"4.  r.  U.  M.  E..  Pet.  Dev.  Tech.,  193T,  pp.  255-256. 
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1925-10  000  BARREL  PLANT  EMPLOYS  15  MEN 

RUNS  3  TO  4  DAYS  THEN  STOPS  FOR  CLEANING 
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Figure  12. — Effect  of  Increasing  Capacity  and   Continuous  Process  on 
Labor  Requirements  in  Petroleiun  Be&ning. 

treating  lubricating  oils  and  the  lighter  distillates, 
especially  cracked  gasoline. 

Through  gi-eater  use  of  heat  exchangers,  wider  adop- 
tion of  ordinary  control  devices,  and  other  improve- 
ments in  refining  equipment,  there  has  been  a  decided 
ch'op  in  amount  of  fuel  used  in  refineries.  During  the  11 
years,  1926-36,  the  energy  consumed  in  refining  a  baiTel 
of  crude  petroleum  decreased  from  847,900  B.  t.  u.  to 
043,400  B.  t.  u.,"'  a  drop  of  24  percent.  These  economies 
are  more  striking  when  it  is  realized  that  the  increase  in 
the  variety  and  volume  of  products  produced  tends  to 
offset  advances  in  plant  economies.  Furthermore,  in 
recent  years,  refiners  are  using  as  fuel,  refinery  gases  and 
other  fuel  byproducts  formerly  allowed  to  go  to  waste. 
Tlie  cost  of  operation  has  been  reduced  further  by  im- 
proved methods  for  combatting  corrosion.  The  in- 
creased size  of  refineries  and  the  recent  trend  toward 
combination  plants  also  have  reduced  waste  and  cost  of 
operation. 

From  this  very  brief  survey  ^'  of  refining  accom- 
plislmient  it  may  be  concluded  that  the  refiner  has  been 
conserving  all  the  refinery  fractions  possible  and  keep- 
ing costs  low.  Xo  doubt  he  will  go  on  improving  prod- 
ucts now  in  demand,  develoi^ing  new  products,  and 


**  Works  Progress  Administration   and   U.    S.  Bureau  of  Mini's,  Fuel 
Efficiencii  in  Cement  Manufacture,  19^19-1935,  1938,  pp.  7-f>. 
*"  See  pt.  three,  sec.  II,  p.  367,  of  this  report. 


producing  greater  portions  of  the  more  urgently  de- 
manded products. 

Net  Gains  in  Productive  Efficiency 

On  the  whole,  it  may  be  said  that  advances  in  tech- 
nology have  more  than  overcome  the  increasing  diffi- 
culties in  winning  the  oil  and  getting  it  ready  for  use. 
Increased  costs  of  exploratoiy  drilling  have  Ijeen  offset 
by  greater  certainty  in  the  search.  In  the  jjroduction 
branch  of  the  industry  in  the  last  50  years  the  output 
per  man  has  increased  more  than  500  percent,  an  in- 
crease all  the  more  striking  when  considered  in  the 
light  of  increasing  difficulties  due  to  greater  depths 
and  differences  in  new  production  areas.^"  There  is  also 
an  upward  trend  in  refinery  output  per  man  (fig.  12). 
Productivity  was  measured  by  input  of  crude  oil  with- 
out allowance  for  changes  in  products.  ^Moreover,  in 
transportation,  productivity  of  labor  also  has  risen 
sharply.  For  instance,  from  1920  to  1930  the  volume 
transported  by  pipe  lines  was  more  than  doubled, 
whereas  the  working  force  was  cut  by  approximately 
one-third.  Between  1929  and  1935  the  barrels  trans- 
ported per  man  per  day  increased  over  SO  percent. 

Another  way  of  measuring  the  net  results  of  the 
struggle  between  technology  and  increasing  difficulties 
is  to  consider  the  trend  of  prices  over  a  long  period  of 
time.  Although  price  is  affected  by  many  factors  other 
than  teclmological  progi-ess,  it  appears  that  the  down- 
ward trend  in  price  reflects  reduced  costs  of  production. 
A  recent  study  by  Pogue  "  of  the  average  retail  prices 
of  gasoline,  excluding  sales  tax,  in  50  representative  cit- 
ies, indicated  that  the  price  declined  from  21.06  cents 
per  gallon  in  1928  to  14..58  cents  per  gallon  in  1937. 
In  order  to  compare  the  price  of  gasoline  with  other 
conmaodities,  Pogue,  using  1926  as  a  base  year,  calcu- 
lated a  retail  price  index  which  he  compares  with  the 
Bureau  of  Labor  Statistics  Price  Index  of  784  com- 
modities at  wholesale.  In  1937  the  retail  price  of 
gasoline  averaged  69.5  percent  of  the  1926  level,  whereas 
the  commodity  index  stood  at  86.3  percent.  Pogue 
measured  the  decline  in  prices  still  another  way ;  he  cal- 
culated that  a  parcel  of  the  784  commodities  would  have 
exchanged  for  24.2  percent  more  gasoline  in  1937  than 
in  1926.  Tlie  price  of  crude,  also,  has  decreased,  abso- 
lutely as  well  as  relative  to  prices  of  other  com- 
modities.'- 

For  natural  gas,  values  at  the  wells  are  better  indica- 
tions of  technical  progress,  since  they  do  not  reflect 
costs  of  transportation.  From  1922,  the  first  year  in 
which  such  figures  are  available,  to  1937.  the  average 


«■  Kie=sUng.  et  al.,  op.  cit.,  ch.  II. 

^1  Joseph    E.    Pogue.    "tJasoline    and    the    Consumer,"    Oil    and    Gas 
Journal,  September  22,  1938.  p.  88. 
5^  See  Kiessling,  ef  al-,  op.  cit.,  ch.  VI. 
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value  decreased  from  11.1  cents  to  5.3  cents.  Since 
1922,  the  avenige  value  at  points  of  consumption  also 
has  gone  down,  but  only  slightly." 

The  foregoing  facts  are  summarized  well  by  Pogue, 
who  states  that  consiuners  "were  enabled  to  purchase 


"J/incroI    Rceourcc»    of    the    United    Statea,    192i,    pt.    II,    p.    323, 
Uineralt  Yearbook,  1937,  p.  1062;  Minerals  Yearbook,  1938,  p.  909. 
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gasoline  in  ever-increasing  volume  through  good  times 
and  bad ;  the  quality  of  the  gasoline  they  bought  steadilj' 
improved;  and  the  prices  they  were  required  to  pay 
carry  the  suggestion  that  there  must  have  been  a  back- 
giound  of  great  technological  ijrogress  in  the  oil  in- 
dustry, the  fruits  of  which  were  transmitted  to  the 
consumer." 


CHAPTER  4.— TRENDS  IX  THE  I'SE  OF  OIL  AND  GAS 


Growth  of  Consumption 

In  the  last  four  decades  the  standards  of  living  of  the 
American  people  probably  have  risen  more  rapidh'  than 
in  any  other  comparable  jieriod  in  the  history  of  our 
country.  To  a  considerable  extent  tliis  is  a  result  of 
the  development  of  automotive  transportation.  The 
spectacular  growth  of  the  consumption  of  motor  fuels 
and  oils  has  been  accompanied  by  wastes  in  the  produc- 
tion and  refining  of  petroleum,  some  of  which,  as  we 
shall  see,  arose  from  conditions  under  which  oil  was 
produced  and  some  of  which  more  or  less  inevitably 
resulted  from  the  rapid  expansion  of  the  industry.  It 
is  the  puipo.-e  of  this  chapter  to  trace  the  growth  of  the 
demand  for  oil  and  gas,  particularly  for  individual 
products,  and  also  to  indicate  inefficiencies  which  have 
arisen  in  connection  with  the  consumption  of  petroleum 
products  and  the  extent  to  which  they  are  being  elimi- 
nated. 

In  ISKii*  the  consumption  of  crude  petroleum  in  the 
I'nited  States  amounted  to  167.1  million  barrels.  Four 
years  later  the  figure  had  risen  to  261.7  million  barrels.^ 
Although  adjustments  for  production  of  benzol  and 
natural  gasoline,  for  exports  and  imports  of  refined 
products,  and  for  changes  in  stocks  cannot  be  made, 
these  figures  indicate  roughly  the  growth  in  the  do- 
mestic demand  for  all  oils.  Since,  during  this  pre- 
war period,  exports  of  refined  products  far  exceeded 
imports,  the  domestic  demand  for  all  oils  was  somewjiat 
less  than  the  domestic  consumption  of  crude  petroleum. 

In  1918  the  domestic  demand  for  all  oils  amounted  to 
359.4  million  barrels.-  The  domestic  demand  rose  stead- 
ily until  1929,  when  it  reached  940.1  million  barrels 
(fig.  13).  During  the  ensuing  depression  the  demand 
fell  and  in  1932  amounted  to  835.5  million  barrels.  This 
decline  was  by  no  means  as  drastic  as  that  which  charac- 
terized many  branches  of  the  industrial  economy.  With 
business  recovery  the  demand  for  petroleiun  products 
ajrain  rose,  and  in  1937  the  indicated  domestic  demand 


for  all  oils  amounted  to  1,168.4  million  barrels,  the  all- 
time  i)eak. 

Although  the  gi-owth  of  consumption  of  petroleum 
products  has  slowed  down  somewhat  since  1929,  the 
indicated  demand  in  1937  exceeded  that  in  1929  by  far 
more  than  the  relative  gain  in  population.^  Therefore 
the  per  capita  consumption  of  all  oils  has  continued  to 
rise.     In  1913  the  consumption  amounted  to  approxi- 


=  The  average  rate  of  growth  in  the  domestic  demand  for  all  oils 
between  1929  and  1937  amounted  to  2.73  percent  per  year,  whereas 
the  rate  o(  growth  of  population  approximated  only  0.78  percent  per 
year. 

SUPPLY   AND    DEMAND  OF  ALL  OILS 

itLioKS  OF  1918-1937 

>  CAL  BBLS. 
1400 


1300 


*  United  States  Bureau  of  Mines,  Mineral  Resources  of  the  United 
StaleK.  1921.  pt.  II.  p.  291. 

'  This  figure  inc'.udes  domestic  production  of  natural  ga-'oline  and 
benzol  as  well  as  crude  petroleum  and  also  allows  for  imports,  exports, 
and  changes  in  stociis  of  refined  products  as  well  as  crude  i>etroleum. 
Mineral  Reaourees  of  the  I'nited  States,  1929,  pt.  II,  p.  42.">. 
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mately  2.5  barrels  per  capita.  In  1929  the  figure  was 
7.7  barrels  per  capita,  and  in  1937  it  had  risen  to  9.0  bar- 
rels per  capita.  The  great  increase  in  per  capita  con- 
sumption of  petroleum  products  has  resulted  in  large 
part  from  the  increase  in  the  use  of  motor  vehicles.  In 
1913  there  was  1  car  for  every  77  persons,  whereas  in 
1929  the  ratio  was  4.6  persons  per  car  and,  in  1938,  4.4 
persons  per  car. 

In  only  2  years  since  1917  has  the  domestic  demand 
for  petroleum  products  exceeded  the  supply  of  oils 
available  from  domestic  production  of  crude,  natural 
gasoline,  and  benzol.*  In  1931  and  1932  the  demand  for 
oils  was  less  than  production  by  19,000  barrels  and 
36,000  barrels,  respectively,  or  by  only  0.7  percent  and 
1.6  percent.  Moreover,  domestic  consumers  always  have 
had  available  sizable  stocks  of  oils  which  could  be  ckawn 
on.  Until  the  end  of  1929  actual  decreases  in  stocks 
occurred  only  in  2  years,  1918  and  1926.  Yet  in  every 
sulisequent  year,  except  in  1933  and  1937,  there  were 


■■  See  annual  issues  of  the  ilinerals  Yvartook.  If  bunker  oil  for 
foreisrn  trade  be  excluded  from  the  domestic  demand  (as  is  done  in 
some  of  the  tabulations  of  the  Bureau  of  Mines)  then  the  domestic 
demand  probably  never  has  exceeded  the  domestic  production  of  all  oils, 
at  least  not  since  1917. 

ANNUAL  PRODUCTION   OF  CRUDE  PETROLEUM   AND 
NATURAL   GAS   IN   THE  UNITED  STATES 
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decreases  in  stocks,  but  withdrawals  never  would  have 
been  necessitated  except  for  exports. °  The  heavy  im- 
ports of  crude  oil,  1920-22  (approximating  one-quarter 
of  the  domestic  production),  as  well  as  large  imports  of 
refined  products,  1929-32  (in  no  year  more  than  5  per- 
cent of  the  domestic  demand),  made  possible  exports, 
sales  of  bunker  oil  in  foreign  trade,  and  increases  in  the 
stocks  of  oils  on  hand. 

As  we  have  already  noted,  the  oil  industry  has  sup- 
plied the  rapidly  rising  demand  for  petroleum  products 
with  increasing  efficiency  and  at  declining  prices.  In 
part  the  decline  in  varices  has  been  due  to  excess  produc- 
tion and  to  the  upward  trend  in  stocks,  but  mainly  it  has 
been  a  reflection  of  the  greater  econoim-  in  the  producing 
and  refining  of  crude  petroleum. 

Natural-gas  consumption  in  the  United  States 
amounted  to  somewhat  less  than  100  billion  cubic  feet  in 
1898.  Consumption  gi-ew  almost  continuouslj'  until 
1917,  when  it  amounted  to  795  billion  cubic  feet.''  In 
the  next  year  there  was  a  drop,  but  by  1920  the  figure 
for  the  industry  again  approximated  800  billion  cubic 
feet  (fig.  14).  After  1921  the  market  for  natural  gas 
rose  regularly  to  a  1930  peak  of  1,943  billion  cubic  feet. 
After  the  subsequent  depression  consumption  rose  to  an 
all-time  high  of  2,448  billion  cubic  feet  in  1937.'  The 
relative  gain  since  1933  is  far  greater  for  natural  gas 
than  for  crude  petroleum. 

The  average  value  of  natural  gas  at  points  of  con- 
sumption reached  a  peak  of  29.1  cents  per  thousand  cubic 
feet  in  1922.  Since  that  year  the  average  cost  to  con- 
sumers has  tended  to  decrease,  although  from  1926  to 
1937  there  existed  a  slight  down  movement.*  On  the 
other  hand,  the  average  value  of  natural  gas  at  wells 
has  dropped  considerably  since  1922,  the  first  year 
for  which  such  data  are  available."  The  average  value 
dropped  from  11.1  cents  in  1922,  to  5.3  cents  in  1937. 
The  widening  spread  between  values  at  wells  and  at 
points  of  consumption  reflects  in  part  the  greater  trans- 
portation expenses.  Recent  discoveries  of  major  gas 
fields  have  been  in  the  Southwest,  so  that  over  the  last  20 
years  the  distance  between  wells  and  points  of  consump- 
tion has  been  extended  considerably. 

Geographical  Distribution  of 
Consumption  and  the  Problem 
of  Transportation 

Crude  Oil 

As  indicated  in  chapter  3,  the  production  of  crude  oil 
is  hig-hlv  concentrated  in  the  midcontinent  field,  in  the 
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'Although  for  some  States  it  is  usually  more  economical  to  export 
crude  or  refined  products  than  to  ship  to  other  States. 

•Mineral  Resources  of  the  United  States,  1921,  II,  pp.  340—41. 

'  U.  S.  Bureau  of  Mines.  Xatnral  Gas  Consumption  Sets  New 
Record  in  issn,  Mineral  Market  Reports.  No.  M.  M.  S.  682.  December 
13,  1938,  p.  1. 

s  Minerals  Yearbook,  19S7,  p.  1062. 

^ Ibid.;  Mineral  Resources  of  the  United  States,  192i,  pt.  II.  p.  323. 
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Gulf  coast  district,  and  in  California  (fig.  15).'"  In- 
deed, in  1937  these  three  territories  contributed  93  per- 
cent of  the  national  output.  The  same  sections  accounted 
for  a  much  smaller  percentage  of  the  consumption  of 
crude  oil — in  1937  approximately  61  percent  of  the  runs 
of  crude  oil  to  refineries."  Thus,  approximately  one- 
third  of  the  production  of  crude  oil  in  these  sections  was 
transferred  to  other  districts,  and  even  within  these 
territories  there  were,  of  course,  extended  movements  of 
crude  from  producing  areas  to  refineries. 

The  ranking  oil  States,  Texas  and  California,  lead  in 
refining  activity  (fig.  15).  Otherwise  there  is  little  re- 
lationship between  rank  in  production  and  rank  in  con- 
sumption of  crude.  The  pattern  of  i-efining  is  more 
closely  related  to  the  distribution  of  population  and, 
consequently,  to  the  consumption  of  gasoline  than  is  the 
production  of  crude  oil.  Thus  Pennsylvania,  New 
Jersej-,  and  Indiana  are  more  important  refining  centers 
than  are  the  oil-producing  States,  Louisiana  and  Texas. 
In  Oklahoma  and  Texas,  production  of  crude  oil  ex- 


ceeded consumption  In-  319  million  barrels  in  1937,  or 
approximate!}-  TO  percent  of  the  total  excess  output  in 
producing  States.  Owing  to  the  greater  development  of 
refining  in  Texas,  the  excess  production  in  that  State 
was  somewhat  less  than  that  in  Oklahoma.  Almost  all 
the  remaining  excess  output  was  accounted  for  by  New 
Mexico,  Califiiinia.  Limisiana,  and  Kansas.  These  dif- 
ferences in  production  and  c()nsumi)lion  have  been  de- 
termined witlioiit  adjustments  for  exports  or  imports  of 
crude  oil  or  without  allowances  for  changes  in  the  stocks 
of  crude  at  refineries. 

Although  the  movement  of  crude  to  refineries  is  made 
up  of  shipments  in  nearly  all  directions  from  producing 
fields,  there  are  three  major  types  of  shipments.  The 
movement  of  crude  to  foreign  countries  is  lai-gely  com- 
posed of  shipments  from  Calif oi-nia  and  Texas.'-    The 


■"  See  pt.  two.  src.  I.  ch.  2.  fig.  4,  of  this  report. 
"  MineraU  YearMok.  19S8,  pp.  843-844. 


"In  1937.  of  G7  million  barrels  of  exports.  2:!  iiiillion  barrels  moved 
from  California  mainl.T  to  Japan  and  the  Far  Kast  and  to  the  west 
coast  of  Canada ;  30  million  barrels  moved  from  Texas,  mainly  to 
Europe  and  Canada  ;  3  million  barrels,  from  Louisiana  to  approximately 
the  same  market  ;  an<I  9  million  barrels  of  crude  were  exported  from 
Oklahoma,  mainly  by  pipe  line  to  Canada.  Minerals  Yearbook,  19SS, 
pp.  848-849,  899;  also  see  Oil  and  Qas  Journal,  March  25,  1937,  map 
opposite  p.  112. 
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most  important  domestic  movement  of  crude  oil  is  by 
tanker  from  the  Gulf  coast  sections  of  Texas  and  Lou- 
isiana to  refineries  along  the  seaboard  north  of  Virginia. 
This  east  coast  district,  wliich  excludes  the  oil-produc- 
ing sections  in  the  western  parts  of  Pemisylvania  and 
New  York,  consumed  approximately  198  million  barrels 
of  crude  petroleum  in  1937,  24  million  of  which  were 
imported.  Of  the  remainder,  only  about  7  million  bar- 
rels came  from  States  other  than  Texas,  Louisiana,  Ok- 
lalioma,  and  New  Mexico.'^  Moreover,  the  east  coast 
district  receives  the  major  part  of  the  crude  oil  im- 
parted into  the  country. 

Tlie  third  major  movement  of  crude  oil  is  by  pipe  line 
from  midcontinent  fields  in  Kansas,  Oklahoma,  and 
north  Texas  to  refining  centers  in  midwest  territory 
between  the  upper  Mississippi  Eiver  and  the  Allegheny 
Mountains.  Most  of  the  crude  which  moved  in  1937  to 
western  Pennsylvania  and  Ohio  came  from  Oklahoma. 
Refineries  in  Indiana  and  Illinois  obtained  their  sup- 
lilies  principally  from  Oklahoma  and  Kansas.  There 
are  some  producing  fields  in  Texas  and  Oklahoma  which 
send  crude  oil  either  to  the  north  for  midwestern  refin- 
eries and  for  exports  to  Canada  or  to  the  south  for 
tanker  shipment  to  the  east  coast  and  to  European  mar- 


kets. Api^roximately  42  percent  of  the  total  movement 
of  domestic  crude  oil  represents  interstate  shipment. 
This  portion  has  remained  constant  in  the  last  3  years.^* 
Of  i^ipe-line  movements  approximately  45  percent  were 
interstate. 

Current  data  on  the  use  of  different  media  of  trans- 
portation for  crude  petroleum  indicate  that  in  1937 
approximately  71  percent  of  the  crude  oil  was  mo\ed 
by  pipe  lines,  about  26  percent  by  waterway  carriers, 
and  alwut  3  percent  by  tank  car  and  truck."  Although 
tlie  main  movement  is  still  by  pipe  Ime,  within  the  last 
decade  transportation  by  tanker  has  increased  relatively. 

Gasoline 

The  consumption  of  gasoline  is  distributed  among 
States  much  more  widely  than  the  production  of  gaso- 
line (fig.  17) .  Petroleimi  refineries  are  located  mainly  in 
oil-producing  States,  at  Atlantic  coast  ports  reached  by 
low-cost  water  transportation,  and  on  the  Great  Lakes. 
These  three  districts  produce  gasoline  for  export  and 


"  The  New  Mexico  shipments  to  the  east  coast  amounted  to  only  9 
million  barrels  and  moved  b.v  way  of  the  Texas  Gulf  coast  and  then 
by  t.inker.  The  12.5  million  barrels  obtained  from  Oklahoma  also 
"Qoved  through  Texas  and  then  by  tanker 


"U.  S.  Bureau   of  Mines.  iliiieraU   Yearbook,  19jS,  pp.  S45-S46. 

1'  Ibid.  In  1932  almost  the  identical  percentages  were  reported  by 
the  Federal  Coordinator  of  Transportation,  although  the  total  esti- 
mated movement  increased  from  711  million  barrels  in  1932  to  1.190 
million  barrels  in  1037  ;  Federal  Coordinator  of  Transportation,  Freight 
Traffic  Report,  Vol.  2.  p.  53.  According  to  the  Interstate  Commerce 
Commission,  approximately  4.1  million  tons  of  crude  petroleum  in 
1937  ori'jinated  as  revenue  freight  on  class  I  railroads.  This  tonnage 
was  equivalent  to  approximately  26.6  million  barrels,  or  about  2.1 
percent  of  the  total  domestic  production  of  oil  for  1937. 
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also  for  shipment  to  other  parts  of  the  country.  TI»e 
east  coast  district  prochices  hu-f^c  ([uantities  of  gasoline, 
but  it  still  must  obtain  furtiier  supplies  from  tiie  South- 
west. Other  areas  with  a  deficit  of  local  supply  are 
the  Southeast  and  the  upper  Mississippi  Valley. 

The  major  exports  of  gasoline  are  from  the  Uulf  coast 
area  and  California.  In  1937,  Texas  and  Louisiana  ex- 
ported a|)pn)ximately  "in  million  barrels  of  gasoline  and 
California  nearly  14  million  barrels.  Of  domestic  move- 
ments of  gasoline,  by  far  the  most  important  is  that  by 
boat  from  the  Gulf  coast  to  the  Atlantic  coast,  amount- 
ing in  1!)37  to  104  million  barrels.'"  The  deHcit  in  gaso- 
line production  in  that  year  amounted  to  about  29  mil- 
lion barrels  in  New  P^ngiand  and  to  about  04  millions  in 
the  \'l  States  east  of  the  Mississippi  and  north  of  tlie 
Ohio,  plus  the  District  of  Columbia.  Somewhat  more 
than  10  million  barrels  of  gasoline  appear  to  have  moved 
from  the  Gulf  coast  district  to  New  York.  Thus,  in 
addition  to  supplj-ing  most  of  the  crude  requirements  of 
the  east  coast,  Texas  and  Louisiana  shipped  enough 
gasoline  to  that  section  to  satisfy  the  additional   de- 
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mands  for  motor  fuel.  Relining  centers  in  Pennsyl- 
vania and  New  Jersey  pi'oducetl  approximately  23  mil- 
lion barrels  of  gasoline  in  excess  of  local  consumiition 
in  1937.  This  (piantity  appears  to  have  been  consumeel 
primarily  in  New  York  State. 

From  the  refining  district  in  northwestern  Indiana, 
gasoline  is  shipped  to  the  other  States  bordering  on 
Lake  Michigan.  In  1937  Indiana  had  an  excess  pro- 
duction of  approximateh-  28  million  barrels  of  gasoline, 
most  of  which  appears  to  have  been  shipped  to  Michi- 
gan, Illinois,  and  Wisconsin.  Oklahoma  and  Kansas 
in  1937  produced  approximately  49  million  barrels  of 
gasoline  in  excess  of  local  consumption.  In  the  main, 
this  volume  of  motor  fuel  was  transported  to  the  upper 
Mississippi  X'alley  States  of  Minnesota,  Wisconsin, 
Iowa,  Nebraska,  and  Missouri.  A  large  part  of  this 
movement  is  made  by  pipe  line.  The  only  other  im- 
l)ortant  domestic  movement  of  gasoline  is  that  from  re- 
fineries in  California  to  consuming  centers  in  Oregon, 
Washington,  and  interniountain  States." 


I"  .l/iiiero(«  yearbook,  JIMS.  p.  877. 


"  .t/tnc)-a(s  \ca\honk,  ln.iS,  p.  878. 
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Witliin  tlie  last  decade  gasoline  pipe  lines  have  been 
constructed  from  the  midcontinent  district  to  the 
north  and  east  and  also  to  the  Texas  coast,  and  from  the 
refineries  in  the  Philadelphia  and  New  York  areas  to 
consuming  centers  in  New  York,  Pennsylvania,  and 
Ohio  (fig.  18).  These  pipe  lines  have  materially  re- 
duced the  cost  of  shipping  gasoline.  Moreover,  the 
expansion  of  refining  capacity  along  the  Gulf  coast  has 
resulted  in  a  larger  percentage  of  gasoline  shiiDments 
being  made  at  lower  cost. 

Statistics  on  the  transportation  of  gasoline  are  not 
sufficient  to  indicate  accurately  the  relative  importance 
of  the  various  means  of  transportation.  They  are  suffi- 
cient, however,  to  indicate  the  decreasing  use  of  rail- 
roads and  the  increasing  use  of  pipe  lines  and  tankers. 
A  study  by  the  Interstate  Commerce  Commission  ^^  in- 
dicates that  in  1928,  the  first  year  in  which  gasoline  fig- 
ures were  reported  separately,  railroads  carried  86.1 
percent  of  total  gasoline  produced."  By  1937  gasoline 
hauled  by  tank  cars  had  declined  to  53.6  percent.-"    On 


"  Walter  M.  W.  Splawn,  "Transportation  by  Pipe  Lines.''  Oil  and 
Gas  Journal,  September  22.  1938,  p.  66. 

"  In  1932  approximately  51  percent  of  the  total  traffic  in  refined 
proclucts  originated  on  water  carriers,  approximately  45  on  Class  I 
railroadB,  and  about  3.3  on  interstate  pipe  lines.  At  that  time,  the 
volume  of  refined  petroleum  products  moved  by  intrastate  pipe  lines. 
Class  II  and  Class  III  railroads,  and  by  motortrucks  was  very  small. 
Federal  Coordinator  of  Transportation,  op.  cit.,  p.  53. 

'^  In  1937  approximately  38.4  million  tons  of  "petroleum  oils,  refined 
and  all  other  gasolines"  (mainly  gasoline  and  kerosene)  originated  on 


the  other  hand,  gasoline  transjjorted  by  pipe  lines  in- 
creased from  12  million  barrels,  or  approximately  3  per- 
cent of  consumption  in  1931,  to  73.2  millions,  or  about 
14.5  percent  in  1937.-^  Barge  shipments  of  gasoline 
from  the  Gulf  to  the  east  coast  region  totaled  104.1 
million  barrels  in  1937,  which  represented  20.7  percent 
of  the  domestic  consumption,  or  a  somewhat  larger 
share  of  the  domestic  consumption  than  comparable 
barge  shipments  in  the  previous  year.  For  1937  prac- 
tically all  the  remaining  11.2  percent  represents  gaso- 
line carried  by  motor  trucks. 

Natural  Gas 

Consumption  of  natural  gas  is  concentrated  mainly 
in  or  near  producing  areas  and  in  the  urban  sections  of 
the  Midwest  and  Upper  Mississippi  Valley  (fig.  19).-^ 
There  is  much  less  difference  between  producing  and 
consuming  areas  than  in  the  case  of  crude  oil.  The 
major  areas  in  which  consumption  exceeds  local  pro- 
duction are  Ohio,  with  an  excess  consumption  in  1937 
of  82  billion  cubic  feet:  the  midwestern  States,  Illinois, 
Indiana,  and  Michigan,  with  an  excess  consumption  of 


class  I  railroads.  The  traffic  was  equivalent  to  approximately  277.5 
million  barrels  or  about  50  percent  of  the  1937  consumption  of  these 
products. 

=■  The  1937  pipe-line  shipments  represent  an  increiise  of  25  percent 
over  the  previous  year.     Minerals  Yearbook,  193S,  p.  877. 

"  Since  production  and  consumption  figures  for  all  States  were  not 
available  at  the  time  of  going  to  press,  the  accompanying  chart  is  based 
on  1936  data. 
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ll.">  liillioii:  till'  trans- Mississippi  <Troiii>  of  Slates,  in- 
cluding Minnesota,  Iowa,  Nebi'aska,  Missouri,  and 
Kansas,  witli  an  excess  consumption  of  111  billion;  and 
a  group  of  soullicrn  States,  comprising  Arkansas,  Ten- 
nessee, Alabama,  and  Georgia,  with  an  excess  consump- 
tion of  69  billion.-^  Industrial  use  of  natural  gas  is 
apparently  more  imj)ortant  in  the  midwestern  Slates 
than  in  the  otlier  areas  of  deficit  production. 

Among  gas-producing  States,  high  excess  produc- 
tion occurs  in  Texas,  with  an  excess  in  11);!7  of  149  billion 
cubic  feet;  Louisiana  with  141  billion;  and  West  Vir- 
ginia with  84  billion.  The  excess  production  in  Okla- 
homa, the  second  State  in  production  in  1937,  amounted 
to  58  billion  cubic  feet  in  that  year;  and  in  the  impor- 
tant gas-producing  State  of  Pennsylvania  production 
roughly  balanced  consmnption  at  somewhat  less  than 
120  billion. 

For  distant  shipments  of  natin-al  gas  the  direction  of 
movement  was  usuallv  toward  the  noi'th  or  the  east. 


^V.  S.  Bureau  of  Mines,  Xatiiral  Gas  Consumption  Sets  A'ew 
Record — 19*7,  Mineral  Market  Reports,  No.  M.  Jl.  S.  G82,  December  13, 
1938,  p.  2. 


Tlie  major  interstate  shipments  were  from  the  Pan- 
handle of  Texas  to  the  upper  Mississippi  Valley  and 
toward  the  east  as  far  as  Detroit  and  Toledo;  from 
Louisiana  to  adjacent  States  and  as  far  north  as  St. 
Louis  and  as  far  east  as  Atlanta  and  Macon,  Georgia; 
and  fioiu  West  Virginia  into  Ohio  and  parts  of  Penn- 
.sylvania.  Less  important  interstate  shipments  were 
made  fi'om  New  Mexico  to  Texas  and  Arizona,  from 
Oklahoma  to  Kansas,  and  from  Texas  to  Colorado  and 
Wyoming.  In  addition  to  these  shipments  of  natural 
gas  there  Mere  also  important  intrastate  shipments, 
especially  in  Texas,  California,  Oklahoma,  Louisiana, 
and  Pennsylvania.  It  should  be  pointed  out  that  in 
some  States  where  production  anil  consiim[)tion  are 
approximately  in  balance  there  were,  nevertheless,  im- 
portant movements  of  natural  gas  into  and  out  of  the 
State.  For  example,  Pennsylvania  consumed  large 
quantities  of  West  Virginia  gas  and  at  the  same  time  de- 
livered nearly  equal  amounts  to  consumers  in  New  York. 
AVitli  res])ect  to  California,  however,  there  were  no  ship- 
ments into  or  out  of  the  State. -^ 


'minerals  Yiarhouk,  inss,  pp.  030-942. 
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Figure  20. 


Growth  of  Consumption  of 
Products  of  Oil  and  Gas 

Motor  Fuel 

The  domestic  demand  for  motor  fuel  rose  from  about 
75  million  l^arrels  in  1918  to  522  million  in  1938  (fig.  21). 
Only  between  1931  and  1932  was  there  a  year-to-year 
drop  in  average  annual  demand.  As  the  accompanying 
chart  indicates,  domestic  production  throughout  this 
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U.  S.  Bureau  of  Mines 
Minerals  Yearbook,  1938 


period  was  more  than  adequate  to  supply  the  demand. 
The  peak  excess  of  production  above  demand  came  in 
1929,  although  the  excess  was  nearly  as  great  in  1937. 
Closely  related  to  these  excesses  in  production  were  the 
peaks  in  exports  in  1929-30  and  in  stocks  in  1937.  Im- 
pox'ts  of  motor  fuels  are  of  little  importance. 

Primary  causes  for  the  rapid  rise  in  motor  fuel 
demand  have  been  the  increases  in  motor  vehicle 
registrations  and  the  continued  growth  of  motor 
fuel  consumed  j^er  motor  vehicle  in  use.  At  the  end  of 
1918  motor  vehicle  registrations  in  the  United  States 
were  somewhat  over  6  millions.-^  Six  years  latei-  the 
number  amounted  to  17.6  millions,  and  b}*  the  end  of 
1938  it  had  increased  to  29.2  millions.-"  Early  data  on 
consumption  per  car  are  not  available,  but  from  192-1  to 
1937  the  motor-fuel  demand  per  motor  vehicle  in  use 
rose  from  11.7  barrels  to  19.2  barrels.-'  This  rise  re- 
sulted both  from  the  gi-eater  use  of  automobiles  and 
from  the  more  rajjid  growth  of  busses  and  trucks  for 
transi^ortation. 

Consumption  as  motor-vehicle  fuel  is  by  far  the  most 
important   use  of  gasoline.     It   is  estimated   by   the 


FiGUBE  21. — Trends  in  Production,  Domestic  Demand,  Exports,  Imports, 
and  Stocks  of  Motor  Fuel,  1918-37. 


==  Statistical  Abstract  of  the  United  States,  19S7.  p.   36.3. 

^Automotive  Industries,  February  25,  1939,  p.  209 

^  Minerals  Yearbook,  19S7,  p.   1029  ;  Minerals  Yearbook,  1938,  p.   865. 
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Bureau  of  Mines  tliut  all  otlu-r  uses  amount  to  only  11 
percent  of  the  total.-' 

Kerosene 

From  lOlS  to  10:^3  there  was  no  noticeable  uitward  or 
downward  trend  in  the.  domestic  demand  tor  kerosene. 
The  peak  in  demand  came  in  1925  at  40  million  lian-els. 
From  1932  to  1038  domestic  demand  for  kerosene  rose 
from  33.2  million  barrels  to  5G.4  million.  Onl\-  a  small 
l)art  of  this  gi-eat  upswing  in  demand  resulted  from  the 
•jeiieral  improvement  in  business  during  that  jteriod. 

In  all  years  the  domestic  production  of  kerosene  has 
considerably  exceeded  demand,  although  recently  the 
indicated  domestic  demand  lias  l)een  growing  more 
ra[iiill3'  than  pi-o<hiction.  In  1936  the  excess  in  prcxluc- 
tion  was  cut  to  4.7  million  barrels.  Yet  in  19:57  tlie  ex- 
cess rose  to  10.4  millions  despite  an  increase  in  demand. 
Throughout  the  1920's  there  was  an  excess  production 
of  approximately  20  million  barrels,  practically  all  of 
which  was  sent  to  foreign  markets.  After  llti'ti  exports 
of  kerosene  were  cut  drastically  and  in  1937  amounted 
to  only  9  million  barrels,  or  much  less  than  one-half  the 
average  for  the  1920's.  There  has  been  a  slight  down- 
ward tendency  of  stocks  in  kerosene  since  1918. 

Originally  kerosene  was  used  as  an  illuminating  oil. 
Later  on  it  became  important  as  a  fuel  for  cooking. 
\\'ithin  the  last  few  years,  however,  its  use  as  range-oil 
fuel  has  increased  rapidly.-"  In  1931  range  oil  made  \\\) 
4.5  million  barrels  out  of  a  total  domestic  demand  for 
kerosene  of  31.3  millions,  whereas  in  1937  range  oil  ac- 
counted for  31.0  out  of  55.0  millions.  New  England 
still  leads  in  the  consumption  of  range  oil.  Owing  to 
the  lack  of  natural  gas  in  that  section  and  to  compara- 
tively low  prices  of  oil  during  the  depression,^"  the 
use  there  of  range  oil  for  room  heating,  water  heat- 
ing, and  cooking  has  been  greatlj-  accelerated.  Recent 
statistics,  however,  indicate  a  more  rapid  growth  in  its 
use  in  other  sections  of  the  country. 

Fuel  Oils 

Although  detailed  figures  are  not  available,  the  indi- 
cated domestic  demand  of  fuel  oils  rose  from  roughly 
150  million  barrels  in  1918  to  approximately  418  million 
in  1929  (fig.  22). ^>  In  1932  the  domestic  demand  for 
fuel  oil  dropped  to  308  million  barrels  and  then  in  1937 


SUPPLY  AND  DEMA^ND  OF  GAS  OIL  AND  FUEL  OIL 
IN  THE  UNITED   STATES 


=*  ilinernla  Yearbook.  I!>.<'.  p.  1030. 

'•  In  I9:i2.  at  a  time  when  the  production  of  and  demand  for  other 
important  refined  products  were  decreasing,  tlie  production  and  do- 
mestic demand  of  kerosene  rose  for  the  first  time  in  a  number  of  years : 
the  main  reason  was  the  increasing  use  of  kerosene  as  range  oil, 
primarily  in  New  England. 

*■  Coal  strikes  and  threats  of  strikes  had  a  good  deal  to  do  with 
introduction  of  range  oil. 

='  The  Bureau  of  Mines  printed  a  figure  of  142,750,000  barrels  as  the 
gas-oil  and  fuel-oil  ciinsumption  for  191S  ;  Mineral  Resourcrs.  A'L'}.  pt.  II, 
p.  155.  This  figure,  however,  does  i:ot  take  into  consideration  the  trans- 
fers of  crude  oil  to  fU'O-oil  supplies,  occuriing  mainly  in  California,  nor 
docs  it  allow  for  changes  in  stocks  of  tl  ese  Caltforn  a  crude  oils. 


1925 
FlUDBB   22. 


recovered  to  442  million,  or  above  the  1929  level.  A 
somewhat  more  accurate  indication  can  be  given  of 
changes  in  the  production  of  fuel  oils.  From  1918  to 
1929  there  was  a  growth  from  174  millions  to  449  mil- 
lions. In  1932  the  production  of  fuel  oils  fell  to  301 
millions  and  then  recovered  to  457  millions  in  1937. 
The  1937  output  of  fuel  oil  represented  a  yield  at  the 
refineries  of  38.6  percent  of  the  volume  of  crude  input. 
These  figures  make  no  allowance  for  crude  oil  trans- 
ferred to  fuel-oil  accounts,  which  in  1937  amounted  to 
17  million  liarrels.^^  Therefore  the  total  domestic  sup- 
ply of  gas  oil  and  fuel  oil  in  1937  was  474  million  barrels. 
In  1938,  production  of  fuel  oils  was  447  million  barrels, 
and  indicated  domestic  demand  was  407  million  bar- 
rels. 

The  domestic  demand  for  fuel  oils  appears  to  have 
risen  rapidly  during  the  1920's,  but  in  each  year  pro- 
duction remained  well  above  demand.  From  1930  until 
1937,  however,  the  average  excess  was  insignificant. 
Indeed,  the  domestic  demand  was  materially  closer  to 
domestic  production  for  fuel  oils  than  for  other  major 
refined  i)roducts.  The  reason  lay  not  in  the  expansion 
of  demand  but  rather  in  the  restriction  in  the  amount 
of  crude  petroleum  used  for  fuel  oils  as  a  result  of  the 
rising  iiercentage  recovery  of  gasoline.  From  1929  to 
1935  the  stocks  of  gas  oil  and  fuel  oil.  including  Cali- 


=  Much  crude  oil  is  burned  directly  in  addition  to  the  crude  trans- 
ferred to  fuel-oil  accounts  in  California.  In  the  balance  of  the  country, 
the  consumption  of  crude  petroleum  as  fuel  on  producing  proi)ertIes, 
in  operation  of  pipe  lines,  and  for  other  purposes  including  the  los.scs, 
amounted  in  1937  to  19  million  barreLs.  By  far  the  largest  portion  of 
this  consumption  w.as  for  industrial  purposes  olhor  than  for  oil- 
producing  companies.  ilineraU  Yearbook,  mss,  p.  821.  Figures  are 
available  from  191.S  to  the  present,  indicating  the  crude  oil  usi>d  as 
such  plus  transfers  to  fuel-oil  accounts  and  losses.  The  crude  oil 
covered  in  these  three  categories  rose  from  88.5  million  barrels  in  1918 
to  i:i4.7  million  in  1923.  The  low  point  comes  in  1932  at  12,9  millions, 
and  the  1937  figure  amounts  to  30..'>  millions.  It  is  impossible  to 
indicate  how  much  of  the  1923  volume  of  134.7  millions  is  accounted 
for  by  dU'ei-t  i-onsumption  of  crude  oil.  It  seems  likely  that  the  con- 
sumption of  crude  petroleum  as  fuel  oil  in  districts  east  of  California 
rose  from  1918  to  1923  anil  decreased  considerably  since  then.  Refer 
to  American  Petroleum  Institute,  sttitixtirnl  ItuUrlin,  vol.  19,  Xo,  17. 
March  31,  1938,  Form  No.  7. 
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U.  S.  Bureau  of  Mines 
Minerals  Yearbook,  193S 

-Sales  ot  Fuel  Oil  anu  Gas  Oil,  1926-36. 


fornia  heavy  crude  additions  to  supplies,  dropped  from 
147  million  to  104  million  barrels.  Another  influence 
tending  to  lower  stocks  was  the  inciease  in  demand  after 
1932,  especially  for  heating  oils  and  for  fuel  oils  by 
manufacturing  plants.  But  from  the  first  of  May  1937 
to  the  end  of  October  1938,  production  of  fuel  oils  ex- 
ceeded demand,  and  as  a  result  stocks  rose  from  94  mil- 
lion barrels  to  154  million. 

Fuel  oils  are  consumed  in  numerous  markets  both  in- 
dustrial and  domestic  (household).  The  largest  use  of 
fuel  oils  is  for  heating,  mainly  domestic.  This  source  of 
demand  has  developed  rapidly  only  since  1932  (fig.  23)  .'^ 
Other  major  changes  in  the  use  of  fuel  oil  since  1926  are 
the  decrease  in  consumption  by  railroads,  steamships, 
gas  and  electric  public  utilities,  and  oil  comi^anies 
themselves.  Moreover,  exports  have  tended  to  decline. 
A  significant  cyclical  swing  in  consumption  is  notice- 
able in  the  sales  to  mines,  smelters,  and  especially  to 
manufacturing  plants,  and  also  to  railroads  and  steam- 
ships. The  consumption  requirements  of  these  two 
transport  groups  still  remain  very  important.  The 
question  of  the  relative  efficiency  in  the  use  of  fuel  oils 
is  discussed  later. 

Perhaps  the  most  significant  change  relating  to  fuel 
oil  in  the  last  decade  has  been  the  rapid  growth  of  con- 


^  Domestic  heating  requirements  for  fuel  oil  amounted  to  only  6.9 
million  barrels  per  year  on  the  average  during  the  1926-31  period.  In 
1936  the  total  was  69.4  million  barrels.  H.  A.  Breakey,  Petroleum 
Investigation,  19Ji,  p.  126;  also  special  tabulation  from  Department  of 
Statistics,  American  Petroleum  Institute.  In  the  1920-31  period  the 
consumption  of  fuel  oils  by  steamships,  including  tankers,  averaged  88 
million  barrels  per  year  ;  manufacturing  and  mining  uses  averaged  74 
millions :  railroads,  69  millions ;  gas  and  electric  power  plants,  30 
millions.  Among  manufacturing  industries  the  most  important  con- 
sumer of  fuel  oil  was  iron  and  steel  products,  which  averaged  17 
million  barrels  during  this  period. 


sumption  of  gas  oil  and  distillate  fuel  oil.  From  1931 
to  1937,  production  of  these  lighter  oils  increased  from 
84  million  to  147  million  barrels,  in  comparison  with  a 
rise  for  residual  oils  from  253  million  to  310  million 
barrels.^*  These  changes  reflect  the  upward  trend  in 
the  yield  of  light  oils  and  the  corresponding  decline  in 
the  yield  of  heavy  oils.  This  tendency  has  been  dictated 
bj'  the  desire  of  refiners  to  produce  larger  quantities  of 
the  more  profitable  light  oils.  Among  the  types  of  dis- 
tillate fuel  oils,  domestic  furnace  oil  is  of  outstanding 
importance.  The  demand  for  this  oil  has  increased  with 
the  installation  of  oil  burners,  especially  in  northern 
States.  Estimated  heating-oil  consumption  of  domestic 
oil  burners  rose  from  0.8  million  barrels  in  1921  to  81.2 
million  in  1937.^^^  In  the  latter  year  the  consumption  of 
heating  oils  by  domestic  burners  amounted  to  70  percent 
of  the  total  heating-oil  sales.^^  Moreover,  from  1930 
to  1936  the  consumption  of  domestic  heating  oil  grew 
nearly  eight  times  as  rapidly  as  the  consumption  of 
gasoline.^'  Diesel  fuel  oil- — also  a  distillate — is  being 
consumed  in  greater  quantities  by  motor  trucks,  tractors, 
and  railroads.^^  The  production  of  this  oil  amounted  to 
22.2  million  barrels  in  1937. 

A  major  proportion  of  fuel  oils  is  produced  in  Texas 
and  California.  In  1937  the  Texas  production  totaled 
139  million  barrels — 113  million  in  the  Gulf  coast  dis- 
trict alone.  California  in  that  year  produced  116  mil- 
lions, the  east  coast  district  84  millions,  and  Indiana- 
Illinois  42  millions.  In  addition,  California  contributed 
all  of  the  crude  oil  which  was  transferred  to  fuel  oil 
supply. 

Lubricants 

From  1918  to  1929  there  was  a  moderate  upward  trend 
in  the  domestic  demand  for  lubricants.  According  to 
the  Bureau  of  Mines,  the  indicated  domestic  demand 
rose  from  about  14  million  barrels  to  somewhat  less  than 
24  millions.  In  no  year  was  domestic  demand  more  than 
about  three-fourths  of  domestic  production.  In  fact,  do- 
mestic production  increased  more  rapidly  than  demand. 
Most  of  the  difference  was  exported,  although  stocks  of 
lubricants  increased.  Exports  reached  a  peak  in  1928, 
and  stocks  in  1930.  After  1929  the  domestic  demand 
shrunk  greatly,  falling  from  23.6  million  barrels  in  1929 


31  J/i«C)-a;  Resourees,  I'JSl.  pt.  II,  pp.  633-634. 

3=  American  Petroleum  Institute,  Department  of  Statistics,  special 
tabulation;  American  Petroleum  Institute  Quarterly.  July  1938.  The 
number  of  oil  burners  in  operation  at  the  end  of  1920  was  12,500. 
New  installations  increased  rapidly,  and  at  the  beginning  of  1938  the 
number  of  burners  in  operation  was  1,555,000.  AK-^o  see  V.  S.  Bureau  of 
Mines,  Fuel  Oil  and  Kerosene  Sales  Established  Sew  Records  in  1937, 
Mineral  Market  Keports  No.  M.  M.  S.  70S,  Feb.  16,  1939,  p.  3. 

M  Ibid. 

« American  Petroleum  Institute,  Department  of  Statistics,  Special 
Tabulation  ;  Minerals  Yearbook,  19it,  p.  1029. 

»*  Diesel  motor  sales  rose  from  motors  with  400,000  horsepower  in 
1930  to  motors  with  more  than  2  million  horsepower  in  1937,  Oil  and 
Gas  Journal,  March  10,  1938,  p.  31. 
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to  16.6  million  in  1932.  By  1937,  however,  it  had  prac- 
tically recovered  to  tlie  1929  level.-"  The  quantity  of 
exports  in  that  year  also  equaled  the  1929  volume. 

Between  1929  and  1937  the  domestic  demand  for  lu- 
bricants for  trucks  and  busses  rose  relatively  more  than 
did  the  demand  for  lubricants  for  passenger  cars.  The 
demand  for  stationary  machinei-y  lubricants  was  10 
percent  less  in  1937  than  in  1929.  During  prosperity 
about  half  the  consumption  of  lubricating  oil  is  for  au- 
tomotive uses.  In  a  depression  year  the  industrial  de- 
mand is  much  more  restricted.  Nearly  half  of  the  do- 
mestic production  of  lubricating  oils  occurs  in  the  east 
coast  and  Appalachian  refining  districts. 

Other  Refined  Products 

From  IKl';;  to  1928  the  domestic  demand  for  j)arailin 
wa.\  was  npwai'd.  Approximately  200  million  pomids 
of  wax  weie  consumed  in  191S  in  comijarison  with  the 
1928  consumption  of  3U0  million  pounds.  Exj)orts  ex- 
ceeded the  domestic  demand  in  every  year  from  1918 
tlirough  1931.  Pari  of  the  rise  in  exports  after  the  war 
was  facilitated  by  the  drop  in  stocks.  Since  1931,  how- 
ever, domestic  demand  for  wax  has  in  every  year  ex- 
ceeded exports.  In  1937  production  amounted  to  521 
million  pounds,  or  more  tlian  100  million  pounds  less 
than  the  1926  peak.  Imports  of  wax  have  been  of  minor 
importance.  Well  over  half  the  wax  is  produced  in 
tlie  east  coast  and  Appalachian  refining  districts,  pri- 
marily from  Pennsylvania  crude.'" 

After  1918  the  domestic  demand  for  asphalt  expanded 
rapidly,  the  1929  volume  Ijeing  nearly  3.5  million  short 
tons,  or  six  times  the  1918  sales.  During  the  depression 
the  demand  fell  sliar|)ly,  but  by  1937  had  risen  to  4.2 
million  short  tons.  Since  1932  the  construction  of  high- 
ways has  led  to  a  sharp  ri.se  in  the  output  of  asphalt  as 
well  as  I'oad  oil.  The  increased  output  of  asphalt  was 
a  reflection  also  of  a  mild  expansion  in  housing  con- 
struction. In  1937  approximately  40  percent  of  the  pe- 
troleum asphalt  manufactured  in  the  United  States  came 
from  east  coast  refineries.  These  use  some  imported 
crude,  chiefly  from  Venezuela  and  Mexico.  About  36 
percent  of  the  1937  production  of  pfirulcnni  asphalt 
was  made  from  these  foreign  crudes. 

Petroleum  coke  production  rose  from  about  0.5 
million  short  tons  in  1918  to  approximately  2.0  million 
short  tons  in  1931.  Since  1931  production  lias  tended 
to  decrease.  In  1937  production  was  1.3  million  short 
tons — a  domestic  demand  of  1.15  millions  and  exports 
of  0.16  million.  Stocks  at  the  end  of  that  year  equaled 
nearly  30  percent  of  production."  Petroleum  coke  is 
one  branch  of  petroleum  refining  not  charactei'ized  by 
an  upward  trend. 


Many  mir.or  products  are  created  in  the  refining  of 
crude  ijetroleimi.  Crude  oil  supplies  a  sizable  propor- 
tion of  the  raw  material  for  chemical  products,  such  as 
ethyl  alcohol,  ethylene,  acetylene,  and  organic  acids, 
and  thus  indirectly  enters  into  the  making  of  such  com- 
modities as  rubber  substitutes,  plastics,  explosives,  anti- 
freeze materials,  solvents,  disinfectants,  perfumes, 
soaps,  and  medicines. '- 

Consumption  of  Natural  Gas  by  Uses 

Since  natiiial  gas  is  not  stored  and  since  imports 
and  exports  are  of  no  significance,  marketed  production 
is  essentially  the  same  as  total  consumption."  Mar- 
keted production  is  less  than  actual  production  l)y  the 
amount  of  natural  gas  which  is  wasted  either  in  produc- 
tion or  in  distribution. 

Since  the  early  history  of  the  natural-gas  industry, 
industrial  uses  liave  been  more  important  than  domestic 
and  commercial  uses.  In  1906,  for  example,  275  billion 
cubic  feet  of  natural  gas  were  consumed  by  industrial 
n.sers  and  110  billion  cubic  feet  l)y  domestic  and  com- 
mercial users.  Both  types  of  demand  increased  more  or 
less  regularly  until  l'.)30,  in  whicli  year  the  industrial 
use  was  1,565  billion  cnhic  feet  and  the  domestic  and 
commercial  consumption  377  billion  cubic  feet.  Indus- 
trial consum])tion  dropped  considerably  in  the  depres- 
sion and  recovered  to  an  all-time  [)eak  of  1,954  billion 
cubic  feet  in  1937."  On  the  other  hand,  total  domestic 
and  commercial  use  rose  in  every  year  after  1930  except 
in  1933  and  reached  an  all-time  peak  of  489  billion  cubic 
feet  in  1937.  From  1906  to  1937  industrial  demand 
multiplied  by  about  seven,  whereas  domestic  and  com- 
mercial demand  multiplied  by  more  than  four.  The 
high  rate  of  increase  in  industrial  consumption  resulted 
in  part  from  the  fact  that  production  of  natural  gas 
was  increasing  more  rapidly  than  the  growth  in  the 
number  of  consumers  within  the  distribution  range  of 
producing  fields.  Consequently  the  gas  had  to  be  used 
in  the  fields  or  in  adjacent  territories  for  industrial 
purposes  or  wasted.  By  contrast,  the  growth  in  do- 
mestic and  commercial  consumption  during  the  1930's 
is  related  to  the  extension  of  pipe  lines  into  new  and 
more  populous  territories  in  the  Midwest  and  also  to  the 
high   rate   of   growth   in    commercial    requirements.''^ 


"Minerals  Yearbook,  1933,  p.  889. 
«°/6id.,  pp.  889-890. 
"/6id.,  p.  S93. 


"For  a  list  of  prorhicts  of  pctrolpuin  rcfininR,  see  American  Petroleum 
Institute,  Petroleum  Facts  and  Fiijurcs,  ISfl,  table  opposite  p.  108. 

"  In  1937  marketed  production  of  natural  gas  in  the  United  States 
amounted  to  2.448  billion  cubic  feet,  and  total  domestic  consumption 
was  2,443  billion  cubic  feet.  The  slight  difference  is  made  up  of  the 
excess  of  exports  over  imports.  In  1937,  exports,  mainl.v  to  Mexico, 
were  4.9  billion  cubic  feet.  Im|>orts  from  Canada  were  0..'!  million 
cubic  feet.  U.  S.  Bureau  of  Mines,  Natural  Gas  Consumption  Seta 
Xew  Recftrd  in  19S7,  Mineral  Market  Reports  No.  Jl.  M.  S.  C82, 
December  13,  1938,  p.  2. 

'*Ibid.,  p.  1. 

"  Data  for  consumption  by  domestic  and  commercial  users  separately 
were  not  available  until  1930.  From  that  year  until  1938  the  increase 
in  consumption  by  commercial  users  was  46  percent  in  contrast  with  an 
Incre.tse  for  domestic  u.sers  of  23  percent. 
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Figure  24. — Production.  Stocks,  and  Deliveries  of  Carbon  Black, 
1919-37. 

Figures  on  value  of  gas  at  points  of  consumption  sliow 
that  industrial  use  is  marginal,  although  it  must  be 
noted  that  industrial  sales  probably  include  less  trans- 
portation. In  1937  the  value  for  industrial  use  aver- 
aged only  10.2  cents  per  thousand  cubic  feet,  whereas 
that  for  domestic  use  averaged  72.3  cents  and  that  for 
commercial  use  47.5  cents.  Treating  of  natural  gas  for 
motor  fuel  was  initiated  in  1903  and  became  commer- 
cially important  about  1910.  In  1914  only  4  percent  of 
marketed  production  was  treated  for  recovery  of  gaso- 
line, but  in  the  next  2  years  the  proportion  jumped  to 
54  percent.  The  practice  of  recovering  natural  gasoline 
rose  steadily,  and  in  some  years  since  1928  more  gas 
was  treated  than  marketed,  because  part  of  the  residual 
gas  was  blown  into  the  air.'" 

All  industrial  uses  of  natural  gas  expanded  after  1919. 
The  greatest  expansion  appears  to  have  occurred  in 
making  carbon  black.  The  volume  of  gas  used  for  this 
purjjose  in  1937  was  6.8  times  the  1919  volume.  For 
field  use,  including  drilling  and  i^umping,  consumption 
multiplied  by  4.1  and,  for  all  other  industrial  uses,  by 
3.4.  Gas  used  in  making  carbon  black  accounted  for 
10  percent  of  industrial  uses  in  1919  and  18  percent  in 
1937.^' 

Within  the  last  decade  more  iufonnation  on  indus- 
trial consumption  of  natural  gas  has  been  collected. 
Consumption  of  natural  gas  by  petroleum  refineries 
reached  a  peak  of  123  billion  cubic  feet  in  1927  (rising 
from  88  billion  cubic  feet  in  1925)  ;  the  figure  was  ]13 
billion  in  1937.''*     Amono-  industrial  uses  the  rate  of 


*'  Residue  gas  is  more  likely  to  be  wasted  where  natural  gasoline  Is 
the  major  product,  as  in  the  Texas  Panhandle,  ilineral  Resources, 
19Z5,  pt.  II,  p,  133  :  Mineral  Resources,  1931,  pt,  II,  p,  .".50 ;  Minerals 
Yearbook,  103S.  p.  908. 

'"From  1919  to  1937  the  proportion  of  the  industrial  consumption 
accounted  for  by  field  use  remained  at  35  iiercent  and  the  proportion 
for  all  industrial  uses  other  than  carbon  black  or  field  use  fell  from  55 
percent  to  47  percent. 

**  C.  S,  Bureau  of  Mines,  yatitral  Gas  Consumption  Sets  Xeic  Record 
in  B.rr,  Mineral  Market  Reports  Xo.  JI.  M.  S,  6,S2,  Dec,   13.  1938,  p,  2, 


growth  was  greatest  for  electric  public  utilities,  the  rise 
being  from  63  billion  cubic  feet  in  1927  to  171  billion 
in  1937.  Between  the  same  years  consumption  by 
carbon-black  plants  approximately  doubled,  rising  to 
341  billion  cubic  feet  in  1937.  In  Portland  cement 
plants  there  was  an  expansion  of  natural-gas  consump- 
tion of  roughly  70  percent  between  1927  and  1937. 

Carbon  Black  and  Natural  Gasoline 

Aside  from  the  direct  consumption  of  natural  gas  as 
fuel,  the  two  major  products  from  it  are  carbon  black 
and  natural  gasoline.  The  demand  for  carbon  black 
has  grown  roughly  at  the  same  rate  as  production.  As 
the  industrial  uses  of  carbon  black  have  expanded,  a 
rising  volume  of  natural  gas  has  been  consumed  in  its 
production.  The  accompanying  chart  indicates  that  in 
1937  there  were  produced  approximately  500  million 
pounds  of  carbon  black,  or  20  times  the  1919  output. 
Although   production  greatly   exceeded  deliveries   in 

1929  and  1930,  deliveries  have  exceeded  production  in 
most  subsequent  years.  Exports  are  included  in  deliv- 
eries and  in  1937  amounted  to  184  million  pounds  out 
of  total  sales  of  490  million  pounds.  Since  1930  a  larger 
proportion  of  carbon  black  has  been  shipped  to  foreign 
countries;  exports  in  1937  were  about  2i/2  times  the 

1930  quantity. 

The  largest  and  most  important  use  of  carbon  black 
is  in  the  manufacture  of  rubber  products.  In  1925  the 
rubber  companies  consumed  86  million  pounds  of  car- 
bon black,  or  65  percent  of  domestic  consumption. 
Since  then  an  increasing  percentage  of  output  has  been 
sold  to  rubber  companies,  and  in  1937  they  accounted 
for  approximately  88  percent  of  domestic  consumption 
(or  55  percent  of  total  deliveries).  The  rapid  rise  of 
the  carbon-black  industry  can  be  interpreted  largely 
in  terms  of  the  greater  use  of  carbon  black  in  an  indus- 
try which  itself  is  characterized  by  an  upward  trend. 
Carbon  black  is  also  used  in  the  production  of  ink  and 
paint  and  for  many  miscellaneous  industrial  purposes. 
These  other  markets,  however,  have  not  grown  since 
1925,  and  in  1937  the  sales  to  ink  and  paint  companies 
were  nearly  30  percent  less  than  they  had  been  in  1925. 

Of  total  output  of  carbon  black,  about  80  percent 
occurs  in  the  Texas  Panhandle  and  half  the  remainder 
in  Lousiana. 

Figures  on  the  domestic  demand  for  natural  gasoline 
are  not  available.  Consumption,  however,  appears  to 
have  followed  rather  closely  to  production.  The  indus- 
try began  about  1910  and  reached  a  peak  output  at  2.2 
billion  gallons  in  1929.  During  that  period  the  pro- 
duction of  natural  gasoline  was  growing  relatively 
more  rapidly  than  the  output  of  crude  petroleum  (fig. 
25).  Since  the  great  depression,  however,  the  produc- 
tion of  natural  gasoline  has  failed  to  reach  the  1929-30 
level. 
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Several  factors  have  contributed  to  this  condition. 
In  the  early  thirties  decreased  crude  production  and 
j)roration  orders  cnrtailin<r  production  of  "wet"  gas  re- 
duced the  available  supply  of  raw  material.  The  main 
reason,  however,  has  been  the  growth  of  the  stabiliza- 
tion process,  which  removes  tlie  more  volatile  fractions 
from  tlie  natural  gasoline.  A  large  percentage  of  un- 
stabilized  natural  gasoline,  as  much  as  82  peixent  of 
consumption  in  1937,  is  used  by  petroleum  refineries  for 
blending  with  other  gasolines.  Although  the  major 
demand  is  still  that  of  refineries,  an  increasing  percent- 
age of  stabilized  natural  gasoline  has  been  shipped  di- 
rectly to  jobbers  and  retailers.  In  1937  direct  sales  rep- 
resented 7  percent  of  the  indicated  demand.'"'  Natural- 
gasoline  refiners  attempted  to  increase  direct  sales  in 
order  to  offset  the  decreasing  refinery  demand  brought 
about  by  expansion  of  cracking  activity  and  the  refin- 
ing of  lighter-gravity  crudes. 

Production  of  natural  gasoline  is  scattered  through- 
out the  oil-  and  gas-producing  districts,  the  more  im- 
portant fields  being  Texas  Panhandle,  East  Texas, 
Kettleman  Hills,  and  Oldahoma  City. 

The  more  volatile  constituents  removed  from  natural 
gasoline  are  marketed  as  liquefied  petroleum  gases. 
Sales  of  these  gases  rose  from  1.1  million  gallons  in  1927 
to  141.0  million  in  1937.  Consumption  is  still  growing 
at  a  rate  of  roughly  30-40  percent  per  year;  for  exam- 
ple, in  1937  sales  of  liquefied  gases  for  industrial  fuel  and 
chemical  manufacturing  were  about  28  percent  above 


the  193G  i-ecord.''°  These  uses  comprised  nearly  50  per- 
cent of  the  total  consunqjtion  in  1937.  Domestic  con- 
sumption of  "l)()ttled  gas"  accounted  for  30  percent; 
industrial  coml)ustion  engine  fuel  for  12  percent;  and 
gas  manufacturing  for  8  percent.  Total  deliveries  were 
comi)osed  about  equally  of  propane-butane  mixture, 
propane,  and  butane. 

Competitive  Gains  from  Other  Fuels 

Inlerfuel  competition  includes  the  market  relaticms  of 
liquid  and  gaseous  hydrocarbons  with  coal  and  other 
sources  of  energy  and,  in  addition,  the  relations  among 
petroleum,  natural  gas,  and  their  various  products. 
The  extent  to  whicli  one  fuel  can  take  over  part  of  the 
market  of  another  fuel  depends  upon  differences  in  con- 
A-enience,  qualify,  and  co.st.  Mucli  of  the  gain  in  con- 
sumption by  a  given  fuel,  however,  may  result  fi'om  the 
more  rapid  grow-th  of  its  availability  and  not  from  a  loss 
to  other  fuels;  in  other  words,  the  gain  is  relative.  In- 
deed, the  absolute  increase  in  consumption  of  oil  and 
gas  products  has  occurred  mainly  in  noncompetitive 
fields,  or  at  least  in  uses  where  the  possibility  of  substi- 
tution was  indirect."  Competitive  gains,  it  should  be 
pointed  out,  are  sometimes  not  a  result  of  a  general 
tendency  but  rather  of  cyclical  changes  in  comparative 
prices  or  of  accidental  discoveries  of  new  fuel  sui)plies. 


*»  J/i>iei-a!s  Yearbook,  103S,  p.  951. 


w  Minerals  YearhooTc,  ^.WS.  p.  058. 

=1  A.  T.  Slniriik.  "Kins  Coal  Still  Rules  75%  of  His  Domain.  Though 
Credited  With  but  54%."  Annalist,  April  2,  19.37,  p.  .^Ifi.  U.  T.  Good- 
win. "Fuel  Oil  Production  and  Use,"  Oil  and  Gas  Journal,  November 
18,  1937,  p.  5G. 


176 


National  Resources  Committee 


Thus,  in  a  period  of  oveiproduction  of  petroleum,  pi'ices 
of  its  products  are  likely  to  fall  relatively  to  those  of 
coal,  and  for  a  time  these  products  will  take  over  part 
of  the  fuel  requirements  heretofore  satisfied  by  coal. 
The  costs  of  a  fuel  are  determined  by  both  mining  and 
distribution  expenses.  In  the  main,  the  decrease  in  the 
price  of  petroleum  products  since  1930  has  resulted  from 
lower  production  costs,  although  the  shift  of  production 
toward  the  Gulf  coast  has  allowed  the  use  of  more 
economical  means  of  transport  to  North  Atlantic 
markets. 

Gasoline 

For  the  most  part,  gasoline  consumption  has  ex- 
panded at  the  expense  of  coal  consumption  only  in  an 
indirect  manner.  For  passenger  traffic  the  automobile, 
to  an  important  extent,  has  displaced  the  railway,  and 
for  a  large  volume  of  the  most  profitable  freight  the 
motor  truck  has  been  substituted  for  the  freight  train. 
About  half  the  volume  of  motor  fuel  is  consumed  on 
rural  highways.  Within  the  city  the  competition  of 
automotive  transport  has  resulted  in  a  restriction  of 
streetcar  traffic  and  of  drayage  and  haulage  by  animal 
power.  Street  railways  are  indirect  consumers  of  coal 
or  occasionally  water  power.  Approximately  89  percent 
of  gasoline  is  consumed  as  motor  fuel — i7  percent 
within  the  city  and  42  percent  on  the  highways."  Of 
the  nonautomotive  uses,  agriculture  is  the  most  impor- 
tant. On  farms,  gasoline  has  to  some  extent  been  sub- 
stituted for  kerosene  as  an  illuminant  and  as  a  fuel  for 
tractors  and  some  types  of  stationary  motors.  In  con- 
struction, including  highway  building,  gasoline  con- 
sumption has  been  increasing.  For  railroad  uses  there 
has  been  some  substitution  of  gasoline  for  coal,  in  that 
motor  trains  have  been  introduced  for  local  traffic, 
especially  on  western  and  southern  lines.  The  upward 
trend  in  consumption  of  gasoline  by  railroads  reached 
in  1934  a  peak  of  approximately  1  million  barrels,  a 
comparatively  insignificant  amount.  In  part  the  rising 
consumption  of  motor  gasoline  by  the  United  States 
Navy  represents  a  substitution  of  gasoline  for  coal. 
To  the  extent  that  airplanes  have  taken  over  passenger 
traffic  from  railroads,  gasoline  has  been  substituted  for 
coal.  From  1932  to  1938  consumption  of  aviation  gaso- 
line rose  from  about  54  million  to  98  million  gallons.^-* 

Kerosene 

A  large  percentage  of  kerosene  is  now  used  as  range 
oil.  Since  1932,  this  oil  has  been  displacing  coal  and 
wood  in  the  firing  of  cookstoves  and  i-anges,  especially 


in  New  England,  and  recently  in  the  Middle  Atlantic 
States  as  well.  At  the  present  time,  the  major  ad- 
vantage of  range  oil  over  wood  or  coal  is  conven- 
ience of  use,  although,  when  this  oil  first  began  to 
replace  coal  in  New  England  in  the  early  1930's,  range 
oil  was  actually  at  times  cheaper  than  .coal,  owing  to  the 
depi-essed  condition  of  markets  for  petroleum  prod- 
ucts.'^ This  oil  also  has  been  substituted  for  natural 
or  manufactured  gas  for  use  in  cooking,  hot-water  heat- 
ing, and  room  heating,  especially  where  part-time  heat- 
ing is  adequate.  The  fuel  classified  as  range  oil  is 
either  a  pale  yellow  kerosene  or  No.  1  fuel  oil,  a  high- 
grade  distillate.^*  As  an  illuminant,  kerosene  is  still 
used  in  rural  areas  although,  by  and  large,  it  has 
been  displaced  by  electricity  or  gasoline. 

Fuel  Oil 

In  some  of  its  uses,  light  fuel  oil  is  in  direct  compe- 
tition with  coal  and  natural  gas.  For  1929,  it  has  been 
estimated,  about  one-quarter  of  the  consumption  of  all 
fuel  oil  was  directly  competitive  with  coal."  Prefer- 
ence for  fuel  oil  instead  of  coal  is  based  mainly  on  con- 
siderations of  convenience.  Furnace  tending  is  largely 
obviated,  and  with  oil  burners  it  is  possible  by  auto- 
matic or  semiautomatic  control  to  maintain  predeter- 
mined temperatures.  In  many  parts  of  the  country  the 
consumption  of  fuel  oil  represents  a  luxury  demand 
because  of  the  extra  cost  which  equipment  and  oil 
entail.  Yet  the  greatest  gain  in  the  last  decade  oc- 
cuiTed  in  household  use.  According  to  Bureau  of 
Mines  reports,  the  consumption  of  domestic  heating 
oil  rose  from  5.0  million  barrels  in  1924  to  81.2  mil- 
lion in  1937.  There  was  a  rise  in  the  domestic  use 
of  natural  gas  and  coke  and  a  decline  in  the  domestic 
consumption  of  anthracite  and  probably  bituminous 
coal.^"  Between  1929  and  1936  the  importance  of  heat- 
ing and  range  oils  in  the  total  requirements  for 
anthracite,  briquettes,  coke,  and  oil  in  States  north 
of  the  Potomac  rose  from  6.9  percent  to  27.5  percent." 
For  Massachusetts,  figures  on  total  fuel  needs  indicate 
that  from  the  year  1926-27  to  the  year  1933-34  there 
was  an  actual,  though  slight,  increase  in  the  consump- 
tion of  bituminous  coal,  including  briquettes  and  manu- 
factured gas,  and  that  the  increase  in  consumption  of 
fuel  oil  (and  also  coke)  resulted  partly  from  the  ex- 


™  statement  of  H.  A.  Breakey  and  F.  L.  Carmichael,  TJ.  S.  Bureau  of 
Mines,  Petroleum  Investigation,  1931i,  p.  118. 

"■  W.  T.  Ziegenhain,  "Aviation  Gasoline,"  Oil  and  Oas  Journal,  No- 
vember 3,  1938,  p.  10. 


"  U.  S.  Bureau  of  Mines,  Mineral  Market  Reports  No.  M.  M.  S.  600, 
October  26,  1937,  p.  3. 

"  Ibid. 

M  F.  E.  Berquist  and  Associates.  Economic  Survey  of  the  Bituminous 
Coal  Industry  under  Free  Competition  and  Code  Regulation,  National 
Recovery   Administration,   Division   of  Fuel,  March   1936,  p.  25. 

M  Minerals  Yearbook,  193S,  p.  758. 

"Ibid.,  p.  755.  Data  on  consumption  of  bituminous  coal  within  this 
marl;et  are  not  available.  The  relative  importance  of  anthracite  in  the 
Incomplete  total  tell  from  88.9  percent  in  1929  to  66.5  percent  in  1936. 
There  was  an  increase  of  3.5  percent  to  7,0  percent  in  the  consumption 
of  colie. 
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paiibiou  in  total  coiisiiinptiuu  of  I'liel  and  partly  from 
the  restriction  in  use  of  anthracite.'' 

The  commercial  consumption  of  heating  oil  has  ex- 
panded materially  since  WHiX.  hut  not  so  rapidly  as  the 
domestic  use.  In  1921  couiniercial  burners  consumed 
more  than  90  percent  of  tJu'  total  lieating  oil,  whereas 
in  1937  commercial  burners  accounted  for  only  30  per- 
cent of  the  total.  Yet,  in  the  meantime,  commercial 
consumption  had  increased  from  9  million  barrels  to 
35  million  barrels.  It  is  clear  that  this  increase  in  con- 
sumption of  light  oils  for  heating  hotels,  apartment 
houses,  and  office  buildings  also  represents  in  part  a 
replacement  of  coal.'^" 

Diesel  oil,  one  of  the  distillate  fuel  oils,  has  been 
adopted  for  use  by  ships,  railroads,  and  trucks.  Since 
1914  a  large  percentage  of  the  new  ships  have  been 
e([uipped  with  Diesel  motors.  Moreover,  in  old  ships 
oil  engines  have  been  installed  in  place  of  steam  en- 
gines."" The  total  world  tonnage  of  iron  and  steel  mer- 
chant ocean-going  vessels  of  2,000  gross  tons  and  over 
amounted  to  49,590,000  gross  tons  at  the  end  of  1937. 
Of  this  tonnage,  over  12  million  tons  were  driven  by 
Diesel  motors.  For  the  United  States  merchant  fleet, 
ships  witli  537.000  gross  tons  out  of  a  total  of  7,791,000 
gross  tons  were  motor  driven."'  The  shift  to  Diesel  fuel 
was  rapid  between  1920  and  1930.  In  the  United  States 
merchant  fleet  a  large  percentage  of  the  motor  vessels 
were  tankers.  Bunkering  of  vessels  is  by  far  the  larg- 
est use  of  Diesel  oil ;  in  1937  vessels  consumed  13,494,000 
barrels.*"" 

High-speed  passenger  trains  have  changed  over  to 
Diesel  fuel  rapidly  since  193G.  During  1937  railroads 
accounted  for  610,000  barrels  of  Diesel  oil.  The  great 
advantages  of  fuel  oil  are  mainly  its  cost,  cleanliness, 
and  high-energy  content  per  unit  of  weight,  as  a  result 
of  which  fueling  is  required  less  often  than  with  coal. 
(Similar  considerations  apply  to  the  use  of  Diesel  oil  by 
passenger  ships.)  In  some  parts  of  the  country,  the  use 
of  Diesel  oil  in  locomotives  is  said  to  result  in  a  great 
saving  in  operations,  once  the  new  type  of  locoinotivo  is 


=*  In  terms  of  millions  of  net  tons  of  coal  equivalents  the  changes 
were:  anthracite,  5.2  to  3.1;  bituminous,  0.7  to  0.9;  coke,  0.5  to  1.3; 
oil,  0.,'i  to  2.6 ;  total,  6.7  to  7.0.  If  the  coke  figures  are  added  to  the 
bituminous  figures,  there  was  a  considerable  expansion  in  the  use  of 
bituminous  coal.  W.  C.  Trapnell  and  Ralph  Ilsle.v,  The  Bituminous 
Coal  [mluxtnj  with  a  Survey  of  Conipitinii  Fuels,  Federal  Emersency 
Relief  Administration,  1935.  p.  111. 

"  American  I'etroleum  Institute,  Petroleum  Fads  and  Firiures.  1937, 
p.  35. 

™In  1914,  60  American  ships  with  195,000  gross  tonnage  used  oil 
engines;  whereas,  in  1931,  1,645  with  8,600,000  tons  were  equipped 
with  oil  engines.  Figures  from  the  United  States  Bureau  of  Naviga- 
tion, printed  in  I'etroleum  Facts  and  Fii/ures,  19J7,  p.  30. 

»■  Semi-annual  Report  Xo.  1100  of  the  U.  S.  Maritime  Commission, 
Division  of  Research,  p.  1. 

"'■'  U.  S.  Bureau  of  Mines,  Fuel  Oil  and  Kerosene  Sales  Established 
New  Records  in  1037,  Mineral  Market  Reports  No.  M.  M.  S.  708,  Febru- 
ary 16,  1939.  p.  4. 


inslalletl.  Mi-.  Kalpli  liudd.  presitlent  of  the  Burlington 
lines,  reported  in  1937  that  with  Diesel  oil  the  cost  per 
train-mile  for  locomotive  maintenance,  locomotive  fuel, 
and  lubricating  oil  averaged  only  4.84  cents;  whereas, 
for  coal-steam-drawn  trains  of  the  same  capacity,  the 
cost  per  locomotive-mile  was  28.98  cents."'-  Conse- 
quently, these  users  of  fuel  oil  are  not  likely  to  return 
to  coal  unless  there  is  a  gieat  increase  in  price.  To 
the  extent  that  Diesel  oil  is  being  used  by  motor  trucks 
it  is  encroaching  on  the  market  for  gasoline."''  The 
same  shift  may  occur  in  connection  with  air  transport. 

Within  the  past  few  years,  the  United  States  Navy 
requirements  for  Diesel  oil  have  increased.  To  a  cer- 
tain extent,  then,  Diesel  oil  has  displaced  gasoline  and 
fuel  oil.  In  the  fiscal  year  1938,  the  United  States 
Xavy  consumed  about  235,000  barrels."'  For  this  use 
considerations  of  convenience  and  quality  undoubtedly 
far  outweigh  costs. 

"Within  the  last  decade  light  fuel  oils  also  have  been 
used  to  a  considerable  extent  by  tractors  and  other  in- 
ternal-combustion engines  instead  of  gasoline  and  kero- 
sene. One  of  the  higher  grade  distillate  oils,  gas  oil,  is 
still  used  to  some  extent,  especially  in  California,  for 
its  original  purpose,  that  is,  the  manufacture  of  gas, 
altliough  its  use  decreased  considerably  after  the  laying 
of  a  natural-gas  pipe  line  to  San  Francisco  in  1928. 

Heavy  fuel  oils  include  residual  oils  either  straiglit 
or  blended  with  distillates.  Mucli  of  these  oils  sell 
in  a  liighly  competitive  market  in  competition  with  coal 
and  natural  gas,  where  the  chief  interest  of  the  consum- 
ers is  to  obtain  the  gi-eatest  heating  value  at  the  lowest 
net  cost.  Consequently  competitive  gains  over  other 
fuels  obtained  during  the  period  of  low  oil  prices  may 
be  held  only  so  long  as  the  price  remains  relatively  low. 
Oftentimes  the  large  volume  of  heavy  fuel  oil  on  the 
market  is  an  unavoidable  consequence  of  trying  to  mar- 
ket directly  an  excessively  large  crude-oil  output  or  of 
producing  a  huge  quantity  of  gasoline,  and  not  of  any 
error  in  gaging  the  deniiuid  for  heavy  fuel  oil  itself. 

Major  use  of  residual  fuel  oils  is  by  marine  vessels, 
eitlier  merchant  or  naval.  This  type  of  oil  is  burned 
underneatii  boilers  to  raise  steam,  and,  mainly  because 
of  its  convenience  advantage,  it  has  taken  over  a  large 
percentage  of  the  marine  market  for  fuels.  In  1929 
the  total  fuel  consumption  for  marine  use  was  about  99 
million  barrels  of  fuel  oil  and  8  million  tons  of  bitu- 
minous coal.    On  an  energy  basis — one  ton  of  coal  be- 


«=  Mr.  I^.udd  di.'icussos  other  advantages  of  Dipsel  motor  drawn  trains. 
It  is  also  maintained  that  Die.sel-operated  trains  are  able  to  maintain 
schedules  better  than  steam-operated  trains.  Oil  and  Oas  Journal, 
November  \.  1937,  p.  10. 

"^  Charles  V.  Kettering,  vice  president  of  General  Motors  Corpora- 
Uon,  reports  that  Diesel  motors  will  be  introduced  very  rapidly  in 
commercial  vehicles  within  the  next  few  years,  ibid.,  p.  9. 

<"  Henry  D.  Ralph,  ■■Defense  Plan  Will  Require  High  Octane  Gasoline," 
Oil  and  Oas  Journal,  January  19,  1939,  pp.  8  and  98. 
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ing  equivalent  to  foiu-  barrels  of  fuel  oil — it  appears 
that  fuel  oil  had  three-fourths  of  the  market. 

The  division  of  consumption  in  1929  uas  as  follows 


Coal,  mil- 
lion tons 

Fuel  oil, 
million 
barrels 

4.3 

.6 
3.5 

51 

Navy  for  ships  and  yards     

7 

41 

Total 

8.4 

99 

National  Industrial  Conference  Board,  The  Compelitive  Position  of  Coal  in  the 
United  States,  1931,  pp.  118-119;  also  presented  in  W.  C.  Trapnell  and  Ralph  Ilsley, 
The  Bituminous  Coal  Inimtru  with  a  Sanei/  of  Competing  Fuels,  Federal  Emergency 
Relief  Administration,  1935,  p.  143,  , 

Oil  can  be  stored  in  oddly  shaped  tanks  built  wherever 
desirable  within  the  ship  and  can  be  loaded  more 
quickly  than  coal.  Moreover,  a  ship  can  carry  a  larger 
heat  value  in  fuel  oil  than  in  coal,  and  thus  in  many 
cases  is  able  to  fuel  in  an  American  port  for  a  round 
trip.  The  greater  cleaimess  of  oil-firing  contributes  to 
comfort,  especially  on  passenger  ships."^  Consequently, 
cost  may  not  even  be  the  major  determinant  in  deciding 
what  fuel  to  use  for  marine  service.  Oil  is  so  advan- 
tageous for  steamship  requirements  that  there  is  a  ques- 
tion whether  coal  is  an  effective  competitor  in  that  field. 
Approximately  22  percent  of  the  fuel  oil  was  consumed 
by  steamships,''^  including  naval  vessels,  in  1936.  Much 
of  the  oil  used  by  the  Navy  is  residual  oil  blended  with 
distillates."'  The  importance  of  bunker  oil  in  marine 
use  is  notably  greater  for  Anaerican  vessels  than  for  for- 
eign vessels.  In  the  United  States  merchant  marine  at 
the  end  of  1937  approximately  7  million  of  8  million 

»^The  advantages  of  fuel  oil  Installations  for  locomotives  or  boats 
have  been  summarized  as  follows  : 

1.  Economy  of  space  for  carrying  fuel — 50  percent  more  fuel  value 
per  unit  space. 

2.  Ease  of  filling  tanks. 

3.  Rapidity  of  time  in  meeting  a  varying  load  on  boiler ;  flres  may 
be  instantly  lighted. 

4.  .\bility  to  force  boiler  to  extreme  duty  in  case  of  emergency, 

5.  No  deterioration  in  storage. 
t>.   Burns  cleaner. 

The  disadvantages  are : 

1.  Uncertainty  of  fuel  supply. 

2.  Fluctuating  price  of  oil. 

Roy  Cross,  Handbook  of  Petroleum,  Asphalt,  and  Natural  Oas,  Kansas 
City  Testing  Laboratory,  1931,  pp.  454-455  ;  also  in  Trapnell  and  Ilsley, 
op.  rit..  p.  142. 

""Although  the  demand  for  bunker  oil  fluctuates  cyclically  because  of 
variations  in  ocean  traffic,  there  is  little  indication  of  a  shift  from  oil 
to  coal  during  periods  of  high  price  of  bunker  oil.  Within  the  last  few 
year.s,  ships  continued  to  use  bunker  oil  even  though  the  price  rose 
from  CO  cents  per  barrel,  in  New  York  harbor  in  early  1932,  to  $1.30 
per  barrel  in  the  middle  of  1934.  fell  to  95  cents  a  barrel  in  the  fall 
of  1935.  rose  to  $1.35  a  barrel  in  the  middle  of  1937.  and  fell  to  95 
cents  a  barrel  in  the  fall  of  1938.  These  prices  are  for  grade  C  bunker 
oil  for  ocean-going  vessels. 

Source:  Minerals  Yearbook,  19S8,  p.  862,  and  Oil  and  Qaa  Journal, 
October  6,  1938,  p.  113. 

"A.  J.  Kraemer,  U.  S.  Bureau  of  Mines,  Petroleum  Investigation, 
19Si,  pp.  1365-1366,  and  Shurick,  op.  cit.,  p.  517. 


gross  tons  of  iron  and  steel,  merchant,  ocean-going 
ships  were  driven  by  oil-fired  boilers  and  only  0.8  mil- 
lion tons  by  coal-fired  boilers;  whereas  in  the  entire 
world  merchant  marine  coal  and  heavy  oil  were  of 
about  equal  importance  in  operating  steamships — for 
each,  ships  of  about  19  million  gross  tons  out  of  a  total 
of  50  million  gross  tons."^ 

Within  the  last  decade  some  electric  power  plants 
have  shifted  their  fuel  requirements  from  coal  to  heavy 
fuel  oil,  though  recently  in  the  Far  West  there  has 
been  some  shifting  from  oil  to  water  power.  From 
1920  to  1932  there  was  little  change  by  electric  power 
plants  from  coal  to  oil.  Since  that  depression  year, 
however,  the  use  of  oil  has  expanded  much  more  rapidly, 
in  part  no  doubt  as  a  result  of  severely  depressed  prices 
of  fuel  oil.'"'  Yet  comparatively  higher  prices  of  fuel 
oil  in  1937  did  not  lead  to  any  material  restriction  in 
the  use  of  oil  by  these  power  plants.  In  the  manufac- 
turing of  gas,  less  fuel  oil  was  consumed  in  1935  than 
in  1920.  This  result  is,  in  part,  attributable  to  the 
downward  trend  in  the  manufactured-gas  industry. 
After  1926  the  restriction  in  the  use  of  fuel  oil  for  mak- 
ing gas  was  greater  than  the  decrease  in  use  of  bitumi- 
nous coal  and  coke  but  very  much  less  than  in  that  of 
anthracite.'" 

As  railroad  fuel,  the  consumjjtion  of  residual  oils 
reached  a  peak  in  1929  (fig.  23),  although  the  lack  of 
complete  recovery  in  1937  reflects  the  drop  in  traffic 
rather  than  any  shift  back  to  coal.  Relative  use  of 
fuel  oil  actually  increased  between  these  years. "^  The 
rapid  expansion  of  heavy  fuel  oil  consumption  in  New 
Jersey  reflects  the  increased  use  of  this  fuel  in  shipi^ing, 
manufacturing,  and  heating.  From  1929  to  1937  the 
consumption  of  all  fuel  oils  in  New  Jersey  rose  from 
22.5  million  barrels  to  44.0  million  barrels. '- 

Other  minor  uses  of  residual  fuel  oil  show  some  com- 
I^etitive  gains.  To  some  extent  this  heavy  oil  has  been 
used  for  commercial  and  industrial  heating.  It  also  has 
been  substituted  for  gas  oil  in  the  manufacture  of  gas, 
particulai'ly  within  the  last  few  years,  because  the  price 
of  the  lighter  oils  has  increased  relative  to  that  of  the 
heavy  oils. 

Other  Refined  Products 

Still  gas,  or  refinery  gas  burned  under  stills,  is  in 
some  cities  mixed  with  manufactured  or  natural  gas 


^  United  States  Maritime  Commission,  loc.  eit.  These  figures  apply 
to  ships  of  2,000  gross  tons  or  more.  In  the  world,  the  other  12  million 
gross  tons  were  for  motor  ships. 

"  Petroleum  Facts  and  Figures,  1937,  p.  33. 

"  Ibid. 

"  Ibid.,  p.  32 ;  Minerals  Yearbook,  lOSS.  pp.  880-81.  The  use  of  coal 
by  railways  decreased  about  27  percent  from  1929  to  1937  and  the  use 
of  fuel  oil  only  about  10  percent ;  Mineral  Pesonrces,  1931,  p.  642,  and 
Minerals  Yearbook,  193S,  pp.  697,  880. 

"  In  the  latter  year  residual  fuel  oil  consumption  amounted  to  34.0 
million  barrels  and  light  fuel  oils  amounted  to  10.0  million  barrels. 
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and  in  utliur  cases  used  directly  for  dislribution  ijy 
public  utilities  to  industrial  or  domestic  consumers. 
To  some  extent  still  {^as,  therefore,  is  competitive  with 
natural  or  manufactured  gas.  Within  the  jiast  few 
years  petroleum  coke,  a  customary  product  of  the  crack- 
ing process,  has  been  substituted  somewhat  for  other 
fuels.  Lul)ricating  oils  are  not  used  as  a  fuel,  and  in 
any  event  there  is  little  possibility  that  tliese  oils  can 
be  displaced  by  competing  products;  aninial  nils  as  a 
means  of  lubricating  machinery  were  discartled  long 
ago.    Nor  are  asphalt  or  road  oils  used  as  fuels. 

Natural  Gas 

For  many  of  its  uses  natural  gas  does  not  compete 
directly  witli  coal  or  water  power.  It  has  been  esti- 
mated that  less  than  lialf  of  the  natural  gas  consumed  in 
19:29  entered  directly  into  competition  with  coal."  In 
the  Southwest  and  in  California  gas  is  used  for  many 
requii'emenfs  ordinarily  supjilied  by  coal.  In  man}' 
districts  natural  gas  has  been  substituted  for  manufac- 
tured gas  produced  from  coal  or  gas  oil.  For  space 
heating  in  homes,  natural  gas  is  usually  expensive, 
although  it  is  comparatively  economical  near  gas  fields 
and  in  places  with  mild  winters.  In  the  South  and 
Southwest  natural  gas  is  being  used  in  this  way  to  an 
increasing  extent.  Even  in  the  North  it  is  being 
adopted  by  families  in  higher  income  groups.  Since 
1929  the  rise  in  the  importance  of  natural  gas  for  house 
consumption  has  been  rapid,  although  figures  do  not 
indicate  how  much  of  the  domestic  use  represents  cook- 
ing and  hot-water  heating  and  how  much  space  heat- 
ing. According  to  statistics  published  in  Gas  Age 
Recoi'd,  the  nimiber  of  dwellings  heated  with  natural 
gas  rose  from  144,000  at  the  end  of  1929  to  435,000  at 
tlie  end  of  1934.  Natural  gas.  however,  still  remains 
less  important  than  fuel  oil  in  this  field."  Both  natural 
and  manufactured  gas  have  been  substituted  for  coal  for 
cooking  and  water  heating.  Not  only  is  gas  much  more 
convenient,  but  appliances  for  gas  tend  to  be  cheaper 
than  those  for  coal.  Natural  gas  as  supplied  for  do- 
mestic use  usualh'  obtains  a  premium  price  as  compared 
with  coal,  but  is  often  far  chea|)pr  than  manufactured 
gas  or  electric  energy."  Use  of  natural  gas  in  homes 
within  the  past  few  years  has  continued  to  expand  at 
tiie  expense  of  maiuifactured  gas.  From  1933  to  1937 
natural -gas  consumption  for  domestic  use  rose  from  283 
billion  cubic  feet  to  372  billion,  and  at  the  same  time 
consumption  of  manufactured  gas  for  domestic  pur- 


poses, including  house  heating,  fell  from  242  billion  to 
240  billion  cubic  feet.'" 

A  recent  threat  to  coal  appears  in  the  projected  con- 
struction of  a  natural-gas  pipe  line  from  the  Hugoton 
field  in  Kansas  through  the  Plains  States  to  the  Mesabi 
iron-mining  districts  in  Minnesota."'  The  delivery  of 
cheap  natural  gas  to  this  district  would  result  in  a  par- 
tial loss  of  one  of  coal's  most  profitable  markets.  Coal 
suffered  severely  in  the  rapid  change  from  maiuifac- 
tured gas  and  coal  itself  to  natural  gas  in  the  Chicago 
district ;  the  delivery  of  Texas  natural  gas  to  Illinois 
rose  from  nothing  in  1930  to  nearly  52  billion  cubic  feet 
in  1936.  As  yet,  natural  gas  has  not  seriously  invaded 
the  North  Atlantic  seaboard  market ;  it  is  not  delivered 
at  all  into  New  England. 

Consumption  of  natural  gas  in  generating  electric 
power  has  expanded  very  rapidly  in  the  past  two  decades, 
whereas  the  uses  of  both  coal  and  fuel  oil  have  grown 
but  slightly.  In  1937  ap[)roximately  eight  times  as 
much  natural  gas  was  used  in  producing  electric  power 
as  in  1919,  whereas  the  consumption  of  coal  and  oil  in- 
creased only  21  percent  and  28  percent,  resi)ectively.'' 
This  great  expansion  in  natural-gas  consumption  no 
doubt  represents  some  substitution  of  this  fuel  for  other 
fuels,  but  in  the  main  it  probably  results  from  the  use 
of  natural  gas  in  rapidly  growing  localities  in  and  near 
producing  fields.  Of  the  170  billion  cubic  feet  of  natu- 
ral gas  consumed  by  electric  power  plants  in  1937, 
Texas,  Louisiana,  California,  and  Kansas  accounted  for 
approximately  60  percent."  Since  1919  the  great  in- 
creases in  consumption  have  occurred  in  those  States. 

To  some  degree,  natural  gas  has  displaced  kerosene 
both  as  an  illuminant  and  as  a  fuel.  Indeed,  in  the 
neighborhood  of  oil  and  gas  fields  there  is  considerable 
competition  among  the  various  refined  products  as 
sources  of  heal  and  mechanical  energj'. 

Liquefied  Petroleum  Gases 

Li(|iu'fi('(l  petroleum  gases  have  been  substituted  for 
manufactured  gas  either  directly  or  by  mixing,  al- 
though in  the  main  these  "bottled"  gases  constitute  a 
supplementary  source  of  fuel.     They  are  being  used  for 


"'  Berquist  and  Associates,  op.  cit.,  p.  2*). 

"  Final  Report  of  the  Federal  Trade  Commission  on  Utility  Corpora- 
tions. TOth  Cong.  1st  SPSS..  S.  Doc.  No.  92.  pt.  84-A.  pp.  50-.")l. 

'^  Judson  C.  Dickcrnian.  "()rj;;iiiization  of  the  Production.  Traii.^porta- 
tion.  and  Distribution  of  Natural  and  Manufactured  Gas  in  the  United 
States  of  America."  Third  World  Potcer  Conference,  sec.  II,  pajjer  No. 
6.  Washington,  1936,  p.  IG. 


-•  Minerals  Yearbook,  19.18,  p.  007  ;  U,  S.  Bureau  of  Mines.  Mineral 
Market  Reports,  Vo.  M.  M.  S.  682,  December  IS,  1938,  p,  1  :  American 
Gas  Association,  Monthly  Summary  of  Gas  Company  Statistics,  Annual 
Supplement.  March  19.39,  pp.  S,  10. 

"  Bituminous  coal  interests  filed  with  the  Federal  Power  Commission 
petitions  opposing  the  application  of  the  Kansas  ripe  Line  Gas  Company 
for  permission  to  build  this  2.300-mile  gas  line,  but  these  petitions  were 
denied.  The  Commission  ruled  it  had  no  power  to  regulate  competition 
between  varinus  types  of  fuel,  although  it  authorized  the  coal  interests 
to  !)■■  represented  at  the  hearing.  The  gas  company  has  applied  to  tlte 
Reconstruction  Finance  Corporation  for  a  2-nnlIlon-dollar  loan  to  finance 
the  construction  of  the  proposed  line,  the  total  cost  of  which  Is  esti- 
mated al  $21,470,000.  AVw  York  Times,  September  l."),  1938,  p.  .39;  also 
Oil  and  Oas  .Journal,  .Tanuary  26.  1939.  p.  63,  and  March  9,  1939,  p,  40. 

''*  Petroleum  Facts  and  Fipures.  19.17,  p.  33;  Federal  Tower  Commis- 
sion. Electric  Power  Statistics,  I'J.n,  pp.  20.  22.  24. 

™  Ibid.,  pp.  23-24. 
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domestic  purposes,  notably  in  small  isolated  towns  not 
served  by  natural-gas  pipe  lines.  In  these  places  "bot- 
tled" gases  have  been  used  primarily  for  cooking. 
There  was  a  gi-eat  increase  in  the  domestic  consumption 
of  these  gases  during  1937,  but  between  the  years  1933 
and  1936  the  increase  was  somewhat  less  than  that  for 
heating  oils.^"  Liquefied  petroleum  gases  are  being 
used  in  small  quantities  as  fuel  for  internal-combustion 
engines.  Dickerman  has  pointed  out  that  in  one  in- 
stance where  surplus  blast-furnace  gas  was  available, 
it  was  mixed  with  propane  and  used  for  industrial  pur- 
poses.^^  The  most  important  uses,  accounting  for 
nearly  half  of  tlie  consumption  in  1937,  are  as  industrial 
fuel  and  in  the  manufacture  of  chemicals. 

Natural  gasoline,  which  is  derived  from  natural  gas, 
competes  in  some  districts  with  gasoline  produced  from 
crude  petroleum,  and  in  areas  of  high  production,  such 
as  the  Panhandle  district  of  Texas,  natural  gasoline  has 
largely  displaced  regular  gasoline.  In  the  main,  how- 
ever, natural  gasoline  is  a  supplementary  fuel. 

Competition  of  oil  and  gas  has  led  to  increased  effi- 
ciency in  the  use  of  coal  and  electric  energy,  and  in 
turn  the  evidence  indicates  that  the  competition  of  other 
fuels  has  been  beneficial  in  stimulating  better  utiliza- 
tion of  petroleum  and  natural  gas. 

Increased  Efficiency  of  Use 

Efficient  use  of  fuels  can  result  either  from  the  em- 
ployment of  a  cheaper  fuel  in  an  old  machine  or  furnace 
or  from  the  development  of  more  efficient  ways  of  con- 
suming the  same  fuel.  Probably  most  of  the  gains  in 
efficiency  have  resulted  from  the  development  of  im- 
proved furnaces  or  more  effective  motors,  although  some 
improvements  have  accompanied  the  shift  from  coal  to 
oil  or  gas. 

Gasoline 

The  chemical  composition  of  gasoline  has  been  better 
adapted  to  motor  requirements  in  the  past  few  j-ears, 
in  particular  to  the  variation  in  driving  conditions  from 
summer  to  winter.  Moreover,  the  octane  rating  of  gaso- 
line has  been  increased  so  as  to  permit  the  effective  op- 
eration of  the  newer  types  of  engines.  These  improve- 
ments represent  better  performance  and  perhaps  a 
more  efficient  use  of  fuel. 

Yet  during  the  past  few  decades  there  apparently  has 
been  little  change  in  the  average  mileage  per  gallon  for 
passenger  motor  vehicles.'*^  On  the  side  of  efficiency 
there  have  been  important  gains  in  quality  of  fuel,  en- 


gine construction,  and  highway  building.  These  im- 
provements have  been  offset  by  the  development  of 
heavier  and  more  powerful  automobiles  which  travel  at 
higher  rates  of  speed.  Moreover,  the  efficient  use  of 
gasoline  has  been  retarded  by  the  increasing  traffic  con- 
gestion in  large  metropolitan  areas  and  even  on  country 
highways.  Considerable  saving  could  be  achieved  by 
the  general  use  of  by-pass  highways  around  metropoli- 
tan areas,  instead  of  forcing  the  traffic  through  the  bus- 
iest street  in  every  town  along  the  route,  and  by  the  pro- 
vision of  four-lane  highways  between  large  cities,  par- 
ticularly in  the  more  thickly  settled  sections  of  the  coun- 
try. Further  improvements  in  automobile  construction 
probably  will  make  possible  additional  gains  in  effi- 
ciency of  use  of  motor  fuel  whenever  the  price  of  motor 
fuel  rises  sufficiently.  It  has  been  estimated  that  cars 
could  be  constructed  with  approximately  double  their 
present  mileage  per  gallon  whenever  the  people  desire  it 
or  are  forced  by  price  to  use  such  cars.*^ 

Kerosene 

The  efficiency  of  using  range  oil  has  improved  gi-eatly 
since  1932,  owing  to  the  improvement  in  burners,  which 
at  first  were  only  makeshift  devices.**  Development  of 
better  tractor  engines  has  conserved  fuel — both  kero- 
sene and  lower  grade  oils. 

Fuel  Oil 

The  use  of  Diesel  oil  has  increased  rapidly  in  the  past 
few  years  because  of  the  introduction  of  Diesel  motors  in 
railroad  and  motor  transport.  Comparative  tests  indi- 
cate that  Diesel  engines  in  truck  service  get  approxi- 
mately twice  the  mileage  that  the  gasoline  engine 
attains. 

Until  recently  the  Diesel  engines  have  been  very  selec- 
tive in  the  type  of  gas  oil  which  they  could  burn.  The 
engine  apparently  has  been  greatly  improved,  however, 
and  its  tolerance  for  fuels  increased. '=  On  October  24, 
1938,  the  Dodge  truck  division  of  the  Chrysler  Corpo- 
ration announced  that  it  was  producing  a  three-ton 
Diesel  truck  for  1939.  The  corporation  reported  that 
after  jears  of  research  they  had  corrected  previous 
deficiencies  in  Diesel  motors,  such  as  knocking,  smoking, 
and  starting  difficulties.'"  In  November  1938,  the  Gen- 
eral Motors  Corporation  also  introduced  Diesel-oper- 
ated trucks  for  heavy  use.  Diesel  engines  are  appar- 
entlv  still  not  efficient  for  loads  lighter  than  three  tons. 


^Trom  1936  to  1937  the  domestic  use  of  liquefied  petroleum  gases 
increased  from  30  million  to  40  million  gallons.  Minerals  Yearbook, 
1938,  p.  960. 

^  Op.  cit.,  p.  19. 

"H.  C.  Dickinson  of  the  U.  S.  Bureau  of  Standards,  Petroleum 
Investigation,  19H,  p.  123. 


*3/6id.,  p.  123  and  p.  577.  See  also  H.  L.  Horning.  What  the  Auto- 
motive and  Oil  Industries  Could  Do  for  Each  Other,  Fourth  Annual 
Meeting  of  the  American  Petroleum  Institute,  1923,  p.  35 ;  and  also  a 
paper  by  Mr.  Horning  given  at  the  National  Petroleum  Association 
meeting  in  Cleveland,  Ohio,  April  23,  1931. 

"  U.  S.  Bureau  of  AUnes,  Mineral  Market  Reports,  No.  M.  M.  S.  600, 
p.  3. 

"^A.  J.  Kraemer.  op.  cit.,  p.  1361. 

^Journal  of  Commeice,  October  25,  193S,  p.  2. 
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For  locomotive  use,  Diesel  iiKJtors  luive  proved  coni- 
parativel}'  profitable.*'  The  one  difficulty  with  these 
motors  has  been  that  tlie  high-speed  Diesel  engine  in- 
tended for  conditions  of  sudden  changes  in  speed  and 
wide  variations  in  load  is  very  selective  in  its  fuel 
supply,  much  more  so  than  is  tlie  Diesel  engine  used  in 
stationary  service  under  conditions  of  ai)i)r()xiina(ely 
constant  speed  and  load.  As  already  indicaled,  how- 
ever, the  tolerance  of  these  engines  is  being  widened  so 
fewer  gi'ades  of  fuel  oil  need  to  be  produced,  thus  re- 
ducing refining  costs.  Moreover,  gi-eater  efficiency  has 
been  achieved  by  railroad  locomotives  in  the  burning  of 
fuel  oil  to  heat  boilers.'* 

In  the  Diesel  engine  a  larger  proportion  of  the  fuel 
energy  is  transformed  into  useful  work.  Moreover, 
Diesel  oil  is  a  less  expensive  fuel,  partly  because  it  is 
easier  to  produce  and  partly  because  of  the  present  low 
demand.  Naturally,  increased  use  of  Diesel  engines 
means  that  one  petroleum  product  will  be  substituted 
for  another,  and  it  may  mean  that  fuel  oil,  now  in  part 
a  raw  material  for  the  manufacture  of  gasoline,  will 
itself  become  the  superior  motor  fuel. 

More  effective  use  of  heating  oils  has  resulted  ironi 
the  adoption  of  special  oil  fui-naces  in  place  of  tlie  make- 
shift burner  units  installed  in  coal  furnaces  and  from 
the  development  of  better  designed  oil  furnaces.  Tlie 
difference  in  the  cost  of  burning  fuel  oil  in  a  special 
burner  unit  and  in  a  conversion  unit  ajijiroximates  17 
percent.*"  Belter  fuel  ()il  burners  undoubtedly  have 
leil  to  moi-e  efficient  coal-heating  equipment. 

One  of  the  major  consumers  of  fuel  oil  is  the  petro- 
leum refinery.  Improvements  in  refinery  design,  par- 
ticularly relating  to  the  exchanging  of  heat,  have  led 
to  greater  efficiency  in  the  use  of  fuel  oil  since  1909. 
In  that  year  approximately  8G0  million  British  thermal 
units  were  required  per  i)arie]  of  crude  run  to  still^^. 


^' Trapnell  and  Ilsley,  op.  cit..  pp.  141  142.  Much  of  the  efliciency 
of  oporation  of  the  streamlined  trains  has  resulted  from  the  reduction 
in  weight  owing  to  tlio  use  of  aluminum  or  alloy  steels.  Tlie  Burling- 
ton Zephyr,  operating  between  Lincoln.  Nebr.,  and  Kansas  City,  for 
example,  weighs  200,000  pounds,  whereas  the  train  which  it  replaced 
weighed  1,<;00,000  pounds.  The  faster  schedule  of  the  new  train  is  also 
in  part  a  result  of  the  reduction  in  weight  of  both  locomotive  and  cars, 
as  well  as  relief  from  carrying  large  amounts  of  water  and  coal. 

*®  Increased  efficiency  has  been  equally  important  in  passenger  and 
(reight  service.  Thus,  from  1012  to  1025  Tacific  coast  lines  of  the 
Southern  Patific  Co.  reporte<l  a  decrease  in  the  gallons  of  oil  per 
thousand  gross  ton-mile  of  freight  from  10.6."!  to  11.1.">  and  a  decrease 
In  gallons  of  oil  per  passenger-car  mile  from  1.H7  to  0.90.  These 
gains  in  efficiency  were  typical  for  railroads  operating  in  the  South- 
west and  on  the  Pacific  coast.  During  this  period  increased  efficiency 
in  the  burning  of  oil  in  stationary  power  plants  and  shops  operated 
by  railroad  companies  was  reported  to  he  comparable  with  that  ob- 
tained in  locomotives.  E.  B.  Swanson.  Railroad  Fuel  Consumption, 
Circular  No.  6017,   U.   S.   Bureau  of  Mines.  January  1927.  p.  6. 

*(Ioodwin,  op.  cit.,  p.  .50.  In  an  estimated  average  season  the 
special  oil  burners  would  consume  l.-'iOO  gallons,  whereas  the  conversion 
furnace  would  use  1,500  gallons. 


By  r.»i5G  this  fuel  consumption  luul  fallen  to  approxi- 
mately 040  million  British  tiiermal  units  per  barrel."" 
The  greatest  improvement  in  fuel  efliciency  in  refineries 
occurred  between  1!>2G  and  1929. 

Great  improvements  in  the  elHcieiit  use  of  heavy  fuel 
oil  by  railroads  are  exiiected  to  be  made  in  the  next 
few  decades.  In  1920  railroads  required  6.8  barrels  of 
fuel  oil  to  develop  1,000  horsepower-hours  of  energy; 
the  committee  of  the  board  of  directors  of  the  Amer- 
ican Petroleum  Institute  estimated  maximum  efficiency 
in  this  use  would  be  reached  in  1970  with  only  2.3  bar- 
rels of  fuel  oil  required  to  produce  the  same  energy. 
Increases  in  efficiency  of  use  of  fuel  oil  by  ocean-going 
ships,  electric  plants,  and  industrial  and  domestic  con- 
sumers were  also  forecasted."' 

Oilier  achievements  in  more  effective  use  of  fuel  oil 
have  occurred  in  connection  with  the  adoption  of  naph- 
thenic  gas  oil  as  a  solvent  for  asphalt,  in  place  of  the 
paraffinic  gas  oil,  and  in  connection  with  the  develop- 
ment cf  a  special  gas  oil  to  use  as  an  absorbent  in 
production  of  natural  gasoline  from  natural  gas."- 

Other  Refined  Products 

\\'Uliiii  the  i)ast  decatle  .•^lill  gas,  or  refinery  gas,  has 
been  recovered  and  used  mainly  as  a  fuel  by  refineries."' 
Cracking  of  oils,  reforming  of  straight-run  gasoline, 
and  lowering  of  vapor  pressure  of  gasoline  have  con- 
tributed to  the  production  of  still  gas.  These  vapor- 
rich  gases  may  be  used  by  ilie  chemical  industry,  sold 
as  manufactured  gas.  or  polymerized  into  li(|uid  fuels."* 

Kecentl}',  refinery  engineers  have  developed  lubricants 
which  last  much  longer,  but  production  of  more  power- 
ful engines  and  faster  driving  have  offset  part  of  this 
advantage.  As  the  result,  since  1933  the  domestic  de- 
mand for  lubricants  has  increased  approximately  as 
rap  tlly  a>  the  ilcinand   for  gasoline. 


"o  National  Resources  Committee.  Technological  Trcnils  and  Sationnl 
Policy,  p.  15S.  Fuel  ElJlciency  in  Cement  Manufacture,  1109-lSSS, 
W.  r.  A.  and  V.  S.  Bureau  of  Mini's.  ]9:!S,  p.  7. 

"To  produce  1.000  borsepower-liours  of  energy  from  fuel  oil  the 
following  changes  were  estimated;  For  ocean  transportalion,  from  3.1 
barrels  in  1920  to  a  maximum  efficiency  of  2.7  barrels  in  1!)(I0  ;  for 
electric  plants,  from  3.4  barrels  in  1020  to  a  ma.ximum  efficiency  of 
2.73  barrels  in  1943  ;  and  for  industrial  and  domestic  use,  from  2.48 
barrels  in  1920  to  a  maximum  efficiency  of  1.93  barrels  In  1973.  More- 
over, to  produce  the  same  quantity  of  energy  from  Diesel  oil,  the 
committee  e>timate<l  changes  :  For  electric  plants,  from  1.2  barrels  in 
in20  to  a  ir.aximum  efficiency  of  1.1  barrels  in  1973;  for  industries, 
from  1.2  bands  in  1920  to  a  maximum  efficiency  of  1.13  barrels  in 
1973;  but  for  ocean  transportation  no  increase  in  efficiency  from  1.3 
barrels  in  1920.  Nor  was  any  greater  efficiency  expected  in  the  use 
of  natural  gas  or  gasoline  from  the  1920  consumption  of  22  thousand 
cubic  feet  and  2.3  barrels  in  1020.  American  Petroleum  Supply  and 
Demand,   p.   21.'>. 

'^  Kraentfer,  op.  cit.,  p.  13C4. 

'■■'  In  1932  the  U.  S.  Bureau  of  Mines  reports  that  40  percent  of  the 
healing  value  of  fuels  used  at  refineries  was  supplied  by  still  gas. 
Ibid.,  p.  ]:!fi7. 

"Minerals  Yearbook,  W.JS.  p.  034. 
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Natural  Gas 

liy  far  the  largest  use  of  natural  gas  is  in  drilling 
and  pipe-line  activities  in  oil  and  gas  fields.  Since  1934 
great  improvements  have  been  made  in  the  use  of  nat- 
ural gas  in  field  operations.  The  consumption  of  gas 
increased  only  17  percent  between  that  year  and  1937, 
whereas  drilling  activity,  the  largest  element  in  this 
class  of  demand,  increased  76  percent.  ^Moreover,  there 
was  also  rapid  growth  in  the  application  of  gas-gen- 
erated power  to  other  important  field  functions,  such 
as  repressuring  in  the  operation  of  gas-compression 
equipment  on  pipe  lines.  More  efficient  use  of  natural 
gas  in  field  operations  has  been  achieved  partly  by 
better  boiler  operation  and  the  adoption  of  better  con- 
structed internal-combustion  engines.  In  addition,  the 
general  introduction  of  field  meters  in  place  of  the  old 
daily  rate  agreements  for  drilling  engine  fuel  undoubt- 
edly has  lessened  the  waste  of  gas.'"  Greater  heat  effi- 
ciency in  refineries  has  contributed  to  savings  of  natural 
gas. 

An  increasing  percentage  of  natural  gas  has  been 
treated  for  natural  gasoline.  This  branch  of  the  indus- 
try was  on  a  commercial  basis  by  1910.  The  natural 
gasoline  content  must  be  removed  before  gas  can  be 
transported.  Consequently,  the  percentage  treated  de- 
pends somewhat  on  the  amount  and  "wetness"  of  gas 
transported.  In  the  main,  there  has  been  a  tendency  to 
use  the  less  desirable  natural  gases  for  industrial  pur- 
poses and  to  reserve  the  sweet  gases  for  domestic  and 
commercial  consumption.  In  1929  more  gas  was  proc- 
essed than  was  marketed,  as  part  of  the  residue  was 
blown  into  the  air.  In  1930  the  proportion  treated  for 
natural  gasoline  recovery  reached  a  peak  of  108  percent. 
As  a  result  of  conservation  measures  reducing  wastage 
of  residue  gas,  the  percentage  has  fallen  somewhat  in 
the  past  few  j^ears;  in  1937,  86  percent  of  the  volume  of 
natural  gas  produced  was  treated  for  gasoline,  the  re- 
mainder being  dry  gas  or  wet  gas  not  transpoi-ted.  In 
recent  years  there  has  been  an  upward  trend  in  the 
yields  of  natural  gasoline,  but  these  gains  have  probably 
resulted  moi-e  from  a  decline  in  the  relative  importance 
of  production  in  the  Texas  Panhandle,  a  low-yield  dis- 
trict, and  from  the  rise  in  the  rank  of  East  Texas,  a 
high-yield  district.^'' 

The  main  handicap  of  natural  gas  as  a  fuel  has  been 
its  restriction  to  use  in  stationary  engines.  Eiforts  are 
being  made  to  adapt  natural  gas  as  a  fuel  for  motor 
transport,  the  main  problem  being  the  difficulty  of  stor- 
age of  the  natural  gas.  To  provide  an  eqiuil  fuel  value 
a  tank  of  natural  gas  would  have  to  be  larger  than  a 
tank  of  gasoline,  the  actual  size  depending  on  the  pres- 
sure and  composition  of  the  natural  gas. 


Liquefied  Petroleum  Gases 

The  greatest  improvement  in  the  use  of  these  liquefied 
gases  has  been  in  developing  methods  of  distribution. 
These  gases  now  are  being  delivered  from  East  Texas  to 
the  Gulf  by  pipe  line.  Special  types  of  cylinders  have 
been  devised  for  domestic  users.  Moreover,. tank  trucks 
are  being  used  for  the  shipment  of  these  gases  to  gas 
manufacturers  and  industrial  and  chemical  plants. 
Until  1937  a  considerable  quantity  of  these  liquefied 
petroleum  gases  had  been  exported,  notably  to  France."' 

Carbon  Black 

Many  experiments  have  been  auned  to  devise  more 
efficient  methods  of  burning  natural  gas  for  the  produc- 
tion of  carbon  black.  As  yet,  however,  the  channel 
process  remains  the  dominant  process  and  apparently 
the  only  process  capable  of  producing  certain  high- 
grade  finely  divided  carbon  blacks."*  The  carbon-black 
industry  is  of  increasing  importance  in  the  production 
of  rubber  tires  and  other  rubber  products.  These  con- 
sumers accounted  for  72  percent  of  domestic  consump- 
tion in  1929  and  88  percent  in  1937.""  Although  carbon 
black  is  a  comparativelj'  inefficient  product  of  natural 
gas,  the  use  of  carbon  black  in  the  manufacture  of  au- 
tomobile tires  has  resulted  in  a  great  saving  of  rubber. 
It  has  been  estimated  that  tires  made  with  carbon  black 
last  from  2io  to  3  times  as  long  as  tires  made  witli  the 
next  most  suitable  substitute.^ 

Future  Demand  for  Oil  and  Gas 

Although  the  future  demand  for  crude  petroleum  will 
be  affected  by  the  change  in  consumption  of  each  of  the 
l^etroleum  products,  gasoline  and  fuel  oil  are  likely  to 
continue  to  require  the  great  bulk  of  crude  output.  Con- 
sequently, the  discussion  here  is  restricted  to  those  prod- 
ucts. The  future  requirements  for  petroleum  products 
will  be  the  net  result  of  gi'owth  of  consuming  industries 
and  increasing  efficiency  in  use.  Although  impoi'tant 
gains  in  efficiency  are  to  be  expected,  thej'  probably  will 
not  be  realized  fast  enough  to  offset  the  gains  in  con- 
sumption. It  is  likely  then  that  the  production  of  crude 
petroleum,  or  at  least  production  plus  imports,  will  con- 
tinue to  rise  for  some  time.  This  tendency  will  be  modi- 
fied by  imj^rovements  in  the  refining  process,  whereby 


"'■'  itinernls  Teariook,  193S,  p.  9.'i4. 
w  Minerals  Yearbook,  19S8,  p] 


pp.  908,  943. 


"■  Ihifl..  pp.  9fill->ir,]. 

'«  P,iul  Reed,  "Texas  Panhandle  Center  of  Carbon  Black  Industr.v." 
Oil  and  Gas  Journal.  September  1,  1938,  p.  13.  Between  1035  and 
1937  the  production  of  carbon  black  by  all  other  processes  increased 
mice  as  rapidly  as  the  production  by  the  channel  process.  Minerals 
Yearbook.  19.3S,  p.  964. 

'•"  Ibid.,  p.  904.  ard  Mineral  Resources,  19U.  pt.  II,  p.  36. 

'  John  D.  Gil  and  E.  T.  Knight.  "What  Are  the  Uneconomic  Uses  of 
Petroleum?"  A.  I.  M.  M.  E.,  Pet.  Dei:  Tech.,  JOSS,  p.  286.  The  saving 
to  the  public  in  the  form  of  longer-life  tires  over  the  past  15  years  has 
been  estimated  at  40  times  the  value  of  the  natural  gas  employed  for 
the  production  of  all  carbon  black  manufactured  in  this  country,  even 
when  valued  at  the  average  price  realized  for  domestic  consumption  at 
the  well. 
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a  large  ixTccntasje'  of  the  inorc  vahiahle  products  will 
be  available  for  distrilmtiou  to  coii<uiiiin,<^  industries. 

Gasoline 

In  the  past  16  years  the  domestic  consumptiou  of  gas- 
oline has  increased  227  percent,  or  from  159  million 
barrels  in  1923  to  520  million  barrels  in  1938.=  This 
striking  gain  obviously  has  resulted  mainly  from  the 
greater  use  of  automotive  transportation,  which  in  turn 
has  been  related  to  the  growth  of  population,  esj^ecially 
to  the  number  of  families,  and  to  a  rising  standard  of 
living.  Indeed,  for  i)rivate  use  the  automobile  has  be- 
come a  conventional  necessity.  Passenger-car  registra- 
tions probably  will  continue  to  rise  somewhat,  although 
after  a  time  the  ownership  of  automobiles  and  their  use 
may  be  affected  by  price  trends  for  motor  fuel.^  Popu- 
lation of  the  countrv  in  1960  has  been  estimated  at  150 


million  jjcople.^  This  estimate  is  9  million  less  than 
that  made  by  a  committee  of  the  board  of  directors  of 
the  American  I'etroleum  Institute  in  1925.  At  that 
time  the  1900  population  of  the  country,  l)ased  largely 
on  tabulations  of  the  American  Telephone  &  Telegra])h 
Company,  was  set  at  159  million.'  On  the  basis  of  its 
recent  population  estimate,  the  American  Petroleum  In- 
stitute has  forecast  a  total  registration  of  37  million 
motor  vehicles  in  this  country  by  1960."    A  continued 


=  1938  figure  is  preliminary,  Oi7  nnd  Gas  Journal,  .lanuaiy  26,  1939, 
p.  53. 

'H.  A.  Breakey,  U.  S.  Burinu  of  Mines.  Pctrohum  Inic/stitiation, 
JW,  p.  91.  It  is  pointed  out  that  in  many  future  years  there  may  be 
occasions  when  the  motor  vehicles  in  use  numher  less  than  those  in 
previous  years. 


•This  estimate  assumes  medium  fertility  and  mortality  and  net 
iiiimiEration  of  100,000  forelKn-born  persons  annually.  National  Kc- 
sources  Committee,  Population  Statistics — I.  National  Data,  Washing- 
ton. D.  C,  October  1937,  p.  14.  Other  estimates,  based  on  varying 
fertility,  mortality,  and  immigration  factors  are  given.  According  to 
another  estimate,  based  on  American  I'etroleuni  Institute  figures, 
population  of  the  country  in  1960  will  approximate  146  million 
people.  See  VS  Steel  .Vcics,  October  1938,  p.  4.  This  estimate  is  an 
average  of  five  estimates  of  probable  future  population  in  this  country, 
including  the  figures  of  the  Metropolitan  Life  Insurance  Co.  and  the 
American  Telephone  &  Telegraph  Co. 

"American  Petroleum  Institute,  American  Petroleum  Supply  ani 
Dcmanrl.  pp.  180-189. 

"  American  Petroleum  Institute  computation  quoted  In  US  Steel 
\eics.  October  193S,  p.  4.  In  1923  the  committee  of  the  board  of 
directors  of  the  .Vnierican  I'elroleuni  Iiistitule  reported  an  estimated 
registration   in    1960  of  47  million  automobiles  and  trucks.     The  drop 


184 


Xational  Resources  Committee 


upward  trend  is  indicated  after  1935,  at  the  beginning 
of  wliicli  motor-vehicle  registrations  totaled  25  million. 

Consumption  of  motor  fuel  per  automobile  probalily 
will  continue  to  rise.  The  extent  will  depend  in  great 
part  on  the  present  movements  toward  shorter  work 
weeks  and  regular  annual  vacations."  Development  of 
better  highways,  constructed  to  avoid  traffic  congestion, 
undoubtedly  will  mean  greater  use  of  the  automobile. 
From  19l';3  to  1937  the  average  domestic  consumption 
of  gasoline  per  motor  vehicle  rose  from  39i  gallons  to 
655  gallons.  In  only  2  years  of  this  period  did  the 
consumption  drop  from  the  previous  year.^  Although 
the  average  consumption  of  gasoline  per  motor  vehicle 
probably  will  not  increase  another  66  percent  in  the 
next  14  years,  it  appears  likely  that  the  consumption 
per  car  will  continue  to  rise  for  some  time.  Breakey 
has  estimated  that  motor  fuel  demand  per  motor  vehicle 
will  continue  to  rise,  at  least  until  1950,  to  a  figure  of 
22.5  barrels  per  car,  from  an  estimated  demand  in  1933 
of  17  barrels  of  motor  fuel  per  car.' 

Future  gasoline  consumption  may  be  affected  by  a 
rise  in  the  price  of  this  fuel.  To  date,  however,  the 
price  has  fallen.  From  1923  to  1937  the  average  retail 
price  in  50  representative  cities  (excluding  taxes)  fell 
from  21.06  cents  per  gallon  to  14.58  cents  per  gallon.'" 
This  drop  in  gasoline  prices  greatly  exceeded  the  aver- 
age drop  in  wholesale  prices,  with  the  result  that  the 
purchasing  power  of  other  commodities,  in  terms  of 
gasoline,  rose  about  24  percent  from  1923  to  1937.^^ 
What  effect  the  rising  trend  in  taxation  has  had  upon 
gasoline  sales  cannot  be  determined.'-  It  is  clear,  how- 
ever, that  if  the  tax  per  gallon  were  increased  more 
rapidly  than  the  drop  in  retail  prices,  exclusive  of  the 
tax,  the  resulting  rise  in  the  price  might  be  sufficient  to 
limit  the  use  of  automobiles. 


of  10  miUion  in  the  estimate  is  an  indication  of  tlie  degree  to  wliicli 
tile  srowth  of  the  industry  has  slacl;ened  since  1025.  American 
Petroleum   Institute,  American  Petroleum  Supply  and  Demand,  p.  1!)7. 

^  Broakey,  loc.  cit. 

'  .\merican  Petroleum  Industries  Committee,  Taxation  Bulletin,  vol. 
Ill,  No.  4,  June  1938,  p.  35  ;  also  presented  by  J.  E.  Po?ue,  "Ga.soline 
and  tlip  Consumer."  Oil  and  Gns  Journal,  September  22.  1938.  p.  88. 
From  1930  to  1937  motor  vehicle  registrations  increased  12  percent, 
and  the  indicated  demand  for  gasoline  increased  31  percent.  Thus  the 
average  consumption  per  car  rose  somelliing  lilie  18  percent  over  this 
7-year  period. 

"Breakey  and  Carmichael.  o/j.  pit.,  p.  125. 

"American  Petroleum  Industries  Committee,  loc.  cit.;  also  Pogue, 
loc.   cit. 

"  Pogue,  loc.  cit. 

^  Tliere  is  some  indication  tliat  a  higher  tax  restricts  consump- 
tion. For  example,  between  the  fifst  11  months  of  1931  and  tlie 
corresponding  period  of  1932  the  drop  in  g.asoline  sales  among  States 
was  closely  correlated  to  the  amount  of  the  tax  per  gallon.  States 
with  a  3-cent  tax  witnessed  a  decline  of  only  3.6  percent  in  gasoline 
sales,  whereas  States  with  an  S-cent  tax  witnessed  a  decline  of  12.3 
percent  in  sales.  H.  J.  Struth,  "Economic  Influence  of  the  Gasoline 
Situa'ion,"  A.  I.  M.  U.  E.,  Pet.  Dev.  Tech.,  in.!S,  pp.  G8-69.  Figures 
for  other  years,  however,  indicate  no  such  close  correlation  between 
tax  and  sale.^. 


Consumption  of  motor  fuel  by  bu.sses  has  increased 
rajiidly  in  recent  years.  In  1931  consumption  by  these 
vehicles  wa^  nearly  250  percent  greater  than  in  1925.'* 
Since  then  the  passenger  bus  has  continued  to  supplant 
the  streetcar  in  small-  and  middle-sized  metropolitan 
communities,  and  from  1931  to  1937  the  motor  fuel 
demand  of  busses  increased  35  percent.  Truck  con- 
sumption grew  at  about  the  same  rate  as  passenger-car 
consumption  until  1931,  but  since  then  consumption  by 
trucks  has  increased  nearly  twice  as  rapidly  as  that  by 
passenger  cars;  from  1931  to  1937  truck  consumption 
increased  45  percent  and  passenger-car  consumption 
24  percent.'*  It  is  possible  that  with  the  development 
of  four-lane  highways  with  low  grades  both  bus  and 
truck  consumption  of  gasoline  will  continue  to  account 
for  a  rising  percentage  of  motor-fuel  demands.  On 
the  other  hand,  increased  pressure  to  put  bus  and  truck 
traffic  on  a  parity  with  rail  traffic  so  far  as  taxes  and 
regulation  of  rates  are  concerned  may  have  the  oppo- 
site effect. 

In  1937  the  consumption  of  gasoline  in  the  United 
States  amounted  to  503  million  barrels,  or  approxi- 
mately 25  percent  more  than  in  1929,  the  peak  year  in 
industrial  activity.  In  1937,  R.  T.  Goodwin,  of  the 
Shell  ITnion  Oil  Corporation,  estimated  that  gasoline 
consumption  would  be  approximately  560  million  bar- 
I'els  in  1940.'"  In  1925  a  committee  of  the  board  of 
directors  of  the  American  Petroleum  Institute  placed 
the  1940  consumption  at  no  more  than  403  million  bar- 
rels and  no  less  than  201  million  barrels.'^  Although 
this  committee  probably  overestimated  1940  motor-ve- 
hicle registration,  it  apparently  underestimated  the 
rise  in  consumption  of  motor  fuel  per  car.'"  The  do- 
mestic consumption  of  motor  fuel  probably  will  con- 
tinue to  rise  for  some  time-  after  the  population  of  the 
country  reaches  a  maximmn,  both  because  of  the  increase 
in  the  number  of  cars  per  unit  of  population  and  because 
of  the  increased  consumption  of  motor  fuel  per  motor 
vehicle. 

Fuel  Oil 

Requirements  for  fuel  oil  may  continue  to  grow  for 
some  years.  Future  demands  will  depend  on  the  price 
of  fuel  oil  in  relation  to  its  special  advantages.  In  the 
event  of  price  increases  the  demands  for  the  heavier 
oils  by  railroads  and  electric  and  gas  public-utility 
plants  probably  will  shift  to  other  fuels,  whereas  pur- 


i»  Breakey  and  Carmichael.   op.   cit.,  p.   120    and   chart  opposite. 

"  Ibid.,  p.  121,  and  Minerals  Ycarbool;,  KSS,  p.  SG5. 

'=  Op.  cit.,  pp.  56-59.  Mr.  Goodwin  estimated,  for  1940,  a  20-percent 
inc. ease  over  the  467  million  barrels  consumed  in  1936. 

^"American  Petroleum  Supplii  and  Demand,  p.  202. 

^^  Already,  in  1931.  domestic  consumption  of  gasoline  had  exceeded 
the  comniittes's  m.Txinuun  estimate  for  1940.  The  indicated  domestic 
demand  for  19.".1  was  408  million  barrels.  Probably  the  comnuttee  did 
not  anticipate  the  increased  use  of  busses  and  trucks. 
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chases  of  Diesel  oils  for  nuuine  transportation,  heating, 
trucks,  and  railroads  are  likely  to  persist."  The  recent 
rapid  growth  in  consumption  of  the  lighter  oils  sug- 
gests that  their  prices  will  tend  to  rise.  Increased  pro- 
duction of  distillate  fuel  oils  requires  either  addi- 
tional cracking  of  the  heavier  oils  or  the  refining 
of  a  larger  volume  of  crude.  If  it  becomes  necessary 
to  increase  crude-oil  production  in  order  to  obtain  a 
larger  volume  of  lighter  fuel  oils,  then  these  oils  for 
the  time  being  will  be  considered  as  the  major  refined 
product  and  undoubtedly  will  have  to  stand  a  larger 
share  of  tlie  burden  of  overhead  costs.  Thus,  a  fur- 
ther increase  in  the  relative  importance  of  distillate 
oils  is  likely  to  lead  to  a  rise  in  price.'® 

Of  nuich  importance  in  future  demands  for  fuel  oils 
are  naval  requirements,  which  in  1938  approximated 
8.2  million  barrels.^"  This  demand  is  likely  to  increase. 
Moreover,  the  Navy  is  shifting  some  of  its  fuel-oil  re- 
quirements from  the  heavier  oils  to  Diesel  oil.  In  some 
districts  passenger  locomotives  are  doing  the  same. 
Growth  in  Diesel-oil  consumption  will  place  a  burden 
on  tlie  refining  industry,  but  the  additional  quantities 
required  because  of  a  shift  among  petroleum  products 
may  be  substantially  less  than  the  decrease  in  fuel-oil 
demands.  In  addition,  the  substitution  of  Diesel  oil 
for  gasoline  in  motor  transport  may  lead  to  a  relative 
decrease  in  the  amount  of  crude  runs  to  stills.  The  de- 
mand for  heating  oils,  the  important  branch  of  distil- 
late fuels,  is  also  likely  to  expand  with  the  rise  in  the 
standard  of  living,  although  it  appears  that  more  effec- 
tive ways  of  consuming  coal  are  being  devised. 

From  1933  to  1937  the  domestic  demand  for  all  dis- 
tillate fuel  oils  nearly  doubled,  increasing  from  65 
million  barrels  to  117  million  barrels.  Goodwin  has 
estimated  that  in  1940  the  sales  of  distillate  fuels  for 
domestic  use  will  approximate  140  million  barrels.  On 
the  whole,  the  demand  for  the  lighter  oils  is  less  subject 
to  restriction  on  account  of  price  increase  than  is  the 
demand  for  the  residual  oils. 

Future  demand  for  residual  fuel  oil  depends  in  large 
measure  upon  price.  If  crude-oil  production  is  exces- 
sive or  if  gasoline  production  rises  rapidly,  or,  on  the 
other  hand,  if  Federal  regulations  make  it  possible  to 
import  large  quantities  of  heavy  petroleum  crude,  the 
price  of  residual  fuel  oil  will  be  low  enough  to  sustain 
a  considerable  gi-owth  in  domestic  consumption.  The 
industrial  demands  for  heavy  fuel  oil,  which  account 
for  more  than  80  percent  of  the  total,  are  likely  to  shift 
easily  to  other  sources  of  fuel  whenever  the  price  of 
heavv  fuel  oil  rises.     It  has  been  estimated  that,  if  the 


yield  of  gasoline  is  increased  to  70  percent  of  the  crude 
throughput  at  a  refinei-y,  the  price  of  fuel  oils  would 
rise  sufficiently  to  halve  the  demand  for  these  heavy 
oils,  but  that  under  such  circumstances  the  demand  of 
the  Navy  and  Army  for  these  oils  would  remain ;  that  a 
third  of  the  present  consumption  by  marine  vessels  and 
public  utilities  would  be  lost;  and  that  approximately 
half  of  the  consumption  by  railroads,  oil  companies, 
and  manufacturers  would  shift  to  other  fuels.-'  Neither 
the  naval  demand  nor  the  other  marine  demands  for 
heavy  fuel  oil  ai'e  growing  rapidly.  Indeed,  the  con- 
sumption of  fuel  oil  by  vessels  in  foreign  trade  has 
failed  to  recover  to  the  1927-30  level  of  approximately 
51  million  barrels  per  year.  The  1937  takings  of  these 
vessels  were  36  million  barrels.^- 

The  committee  of  eleven  of  the  board  of  directors  of 
the  American  Petroleum  Institute  estimated  in  1925 
that  the  use  of  fuel  oil  by  the  United  States  Navy  and 
the  Mercliant  Marine  in  1960  would  be  practically  the 
same  as  that  in  1925,  although  it  indicated  that  until 
1940  there  would  be  a  considerable  upward  trend  in 
total  marine  consumption.^^  Under  the  assumption 
that  fuel  oil  is  retained  as  a  major  industrial  fuel  and 
with  allowance  for  improved  efficiencies,  the  committee 
estimated  that  by  1960  fuel-oil  needs  would  be  approxi- 
mately double  what  they  were  in  1925.  In  other  words, 
if  land  use  of  fuel  oil  is  not  checked  by  a  price  increase, 
a  great  increase  in  consumption  was  expected. 

Natural  Gas 

Future  consumption  of  natural  gas  probably  will  de- 
pend primarily  upon  adequacy  of  reserves  and  the  de- 
gi-ee  to  which  they  are  exploited.  Again,  cost  will  be 
a  determining  factor,  although  considerable  increases 
in  domestic  and  commercial  consumption  cannot  occur 
unless  additional  pipe  lines  are  constructed  from  the  gas 
fields.  Since  approximately  half  the  natural  gas  is 
produced  in  association  with  crude  oil,  and  since  large 
reserves  of  free  gas  arc  known,  a  considerable  upward 
movement  in  consumption  can  be  expected  in  the  next 
decade.  Industrial  plants  will  continue  to  account  for 
a  large  percentage  of  consmnption,  although  in  depres- 
sion years  the  importance  of  the  domestic  and  commer- 
cial users  will  rise.  As  new  products  are  developed 
from  natural  gas  and  as  additional  uses  are  discovered 
for  old  products,  it  may  be  expected  that  the  relative 
importance  of  industrial  consumption  would  become 
even  greater.    Moreover,  it  may  be  easier  to  develop  new 


1'  Breakey,  op.  cit.,  p.  92. 
^°  Goodwin,  op.  cit.,  p.  60. 

="  Henry  D.  Ralph,  "Defense  Plan  WiU  Require  High  Octane  Gasoline,' 
Oil  and  Oas  Journal,  January  19,  1939,  p.  98. 
129960 — 39 13 


"  Breakey,  op.  cit.,  p.  92.  Marine  demand  may  prove  more  inde- 
pendent of  price  increase  than  Breakey  estimated.  Moreover,  future 
marine  demands  depend  in  large  part  on  the  merchant  marine  policy  of 
the  Federal  Government. 

=»  American  Petroleum  Institute,  Statistical  Bulletin,  vol.  XIX,  No. 
17  (March  31,  1938),  Form  No.  10. 

'^  American  Petroleum  Supply  and  Demand,  p.  219. 
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industrial  uses  in  the  field  rather  than  to  build  pipe  lines 
to  distant  consuming  areas.  In  fact,  most  of  the  larger 
consuming  areas  within  an  economical  distance  of  gas 
fields  are  probably  already  supplied  with  this  fuel.  The 
proportion  of  gas  used  for  industrial  pm-poses  rose 
from  66  percent  in  1911  to  81  percent  in  1929,  fell  to 
75  percent  in  1932,  and  stood  at  80  percent  in  1937. 

Whenever  natural  gas  becomes  scarce  and  its  price 
begins  to  rise  many  industrial  uses  will  be  restricted, 
especially  field  use  and  the  burning  of  natural  gas  in 
petroleum  refineries  and  in  gas  and  electric  public-utility 


plants.  Carbon -black  demands  will  probably  persist, 
and  niucli  of  the  domestic  and  commercial  consumption 
of  natural  gas  will  remain  as  long  as  supplies  are 
available,  although  in  the  case  of  commercial  use  it 
is  possible  to  substitute  other  fuels,  particularly  in 
the  heating  of  apartment  buildings,  hotels,  and  large 
office  buildings.  There  is  no  demand  which  will 
i-emain  irrespective  of  considerable  price  increases, 
except  possibly  that  for  making  some  carbon  black, 
and  requirements  for  a  few  metallurgical  and 
chemical  industries. 


CHAPTER  5.— PROBLEMS  OF  WASTE  AND  CONSERVATION 


Nature  of  Waste  and  Conservation 

In  producing  oil  from  a  given  stratum  only  a  certain 
proportion,  say,  45  percent,  of  the  total  reserve  can  be 
recovered  by  the  best  known  methods  of  operation.  The 
remainder  left  in  the  gi'ound  does  not  constitute  an  eco- 
nomic waste  but  may  be  called  an  unavoidable  loss  in 
the  sense  that  it  represents  inability  with  i^resent  tech- 
niques to  recover  the  entire  deposit  of  oil  in  the  sand. 
Some  operators,  however,  do  not  use  the  best  practice 
and  obtain  a  very  small  fraction  of  the  total  deposit,  say, 
only  20  percent.  The  25  percent  which  they  fail  to 
recover  represents  an  avoidable  loss  or  an  economic 
waste,  for  this  portion  of  the  underground  reservoir 
could  have  been  sold  for  moi-e  than  tlie  extra  costs  of 
obtaining  it  if  the  best  available  methods  were  em- 
ployed. 

The  55  percent  of  the  oil  left  in  the  ground  by  com- 
panies using  the  best  practice  might  be  recovered  in 
part  by  mining  the  sands.  Yet  if  the  cost  of  such  an 
operation  exceeds  the  value  of  the  crude  obtained  there 
is  no  waste  or  economic  loss  in  leaving  the  oil  in  the 
ground;  rather,  there  would  be  a  waste  of  capital  in 
mining  it.  Waste  is  a  loss  which  it  pays  to  avoid.^ 
Consequently,  whether  a  loss  is  a  waste  depends  both  on 
the  efficacy  of  production  methods  and  on  tlie  selling 
price  of  the  oil,  natural  gas,  or  other  mineral,  as  the 
case  may  be.  What  is  an  unavoidable  loss  at  one  time 
may  become  a  waste  later  on  if  the  price  of  the  product 
rises  relatively  to  the  cost  of  obtaining  the  additional 
supplies  of  the  product. 

For  a  natural  resource,  price  and,  hence,  the  existence 
and  extent  of  waste  are  peculiarlj-  influenced  by  gov- 
ernmental action  or  lack  of  action.  If  production  is 
restricted  by  proration  or  well-spacing  regulations, 
crude  i^rices  probably  will  rise.  On  the  other  hand,  if 
the  exploitation  of  reserves  is  unregulated,  prices  at 


times  will  be  very  low,  owing  to  the  accidents  of  major 
discoveries.  Severe  losses  of  oil  and  gas  may  character- 
ize a  period  of  overproduction,  resulting  from  the  rapid, 
competitive  opening  up  of  new  fields,  but  there  is  no 
waste  from  the  private  operator's  point  of  view  so  long 
as  price  is  above  the  cost  of  lifting  oil.  Lack  of  ade- 
quate regulation  may  have  led  to  excessive  losses  of  oil 
and  gas  both  above  and  below  gi'ound.  But  the  indi- 
vidual operator  must  view  these  losses  largely  as  un- 
avoidable; -  in  the  main  he  has  to  follow  field  practice, 
no  matter  how  bad  it  is.  But  from  the  social  standpoint, 
regidation  should  require,  or  at  least  facilitate,  the  best 
production  jjrocedures  throughout  a  field,  and  in  no  case 
should  overproduction  be  allowed  to  depress  prices 
unduly.  Wlien  govermnental  action  is  taken  to  restrict 
production,  the  price  will  rise,  and  it  will  pay  operators 
to  avoid  some  of  the  losses.  Thus  the  existence  of  waste 
depends  on  price.  For  a  natural  resource  the  Govern- 
ment has  partial  responsibility  to  see  that  the  price  re- 
flects the  best  present  and  future  utilization,  even 
though  consideration  for  the  future  means  a  higher 
current  price. 

Consei-vation  of  oil  and  gas  may  be  defined  as  the 
avoidance  of  waste  in  their  recovery  and  use.  It  in- 
cludes the  utilization  of  these  resources  Avith  prudent 
and  maximum  effectiveness  and  with  some  consideration 
for  future  needs.  Maximum  effectiveness  means,  in 
teclinical  terms,  high  efficiency  and,  in  value  terms,  high 
economy.  But  conservation  does  not  mean  the  enforced 
nonuse  of  resources  so  that  a  supply  may  be  available  in 
the  indefinite  future.  There  is  always  the  possibility 
that  the  value  of  a  resource  to  future  generations  may 
be  less  than  the  value  of  additional  supplies  of  the 
resource  to  jiresent  consumers. 


1  See    Uie   discussion   of   this   problem    in   Myron    W.    Watliins,    Oil: 
Stahili:ation  or  Conservation,  1938,  pp.  31-36. 


2  Tlie  Federal  Trade  Commission  has  well  stated  tliat  economic  waste 
refers  to  a  loss  without  equivalent  gain  or  saving  and  that  "physical 
waste  of  gas  in  connection  with  the  oil  production  may,  under  certain 
circumstances,  not  constitute  waste  in  an  economic  sense."  VtiHt;/ 
Corporations,  70th  Cong.,  1st  sess..  Senate  Doc.  92,  pt.  84— A,  pp. 
86-87.     See  also  Watkins,  loc.  cit. 
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Various  definitions  of  waste  have  been  iised  in  tlie  oil 
and  gas  statutes  of  the  several  producing  States'  and 
have  been  tlie  basis  of  extensive  litigation  and  court 
proceedings.-*  The  Oklalioma  law,  which  has  been  sus- 
tained by  tiie  Supreme  Court  of  the  United  States,  lists 
in  considerable  detail  the  various  practices  which  are 
held  to  be  waste.  Economic  wastes  as  well  as  physical 
wastes  are  covered  by  this  law.  Consequently,  two  sec- 
tions of  it  are  presented  here :  ° 

Sex:.  2.  The  term  "waste"  as  used  in  this  act,  as  applied  to  the 
production  of  oil,  in  addition  to  its  ordinary  meaning  and  in 
addition  to  the  meaning  given  thereto  by  any  other  provision  of 
this  act,  shall  include  economic  waste,  underground  waste,  in- 
cluding water  encroachment  in  the  oil  and/or  gas  bearing  strata, 
surface  waste,  and  waste  incident  to  the  production  of  oil  in 
excess  of  transportation  or  marketing  facilities,  or  reasonable 
market  demands. 

Seo.  3.  The  term  "waste"'  as  applied  to  gas  contained  in  or 
produced  from  a  common  source  of  supply  of  oil  shall,  in  addi- 
tion to  its  ordinary  meaning,  include  the  unreasonable  pro- 
duction and/or  the  ineflBcicnt  or  wasteful  utilization  of  gas  in 
the  operation  of  oil  wells  drilletl  therein,  the  escape,  directly  or 
indirectly,  of  gas  from  oil  wells  drilled  therein  into  the  open  air 
in  excess  of  the  amount  necessary  in  the  efficient  drilling,  com- 
pletion, or  operation  thereof;  the  escape,  blowing,  or  releasing, 
directly  or  indirectly,  into  the  open  air  of  gas  produce<l  from 
wells  productive  of  gas  only,  or  of  gas  and  gasoline  only,  drilled 
into  any  such  common  source  of  supply,  save  only  such  as  is 
necessary  in  the  efficient  drilling  and  completion  thereof;  and 
the  unnecessary  depletion  or  inefficient  utilization  of  the  gas 
energy  contained  in  such  common  source  of  supply.  In  order 
to  prevent  the  waste  or  to  reduce  the  dissipation  of  the  gas 
energy  contained  in  any  such  common  source  of  supply,  the  Com- 
mission, in  addition  to  its  other  powers  in  respect  thereof,  shall 
have  authority  to  limit  the  production  of  gas  from  wells  produc- 
ing gas  only  or  gas  and  gasoline  oidy  to  a  percentage  of  the 
daily  open-flow  capacity  of  such  wells  that  is  less  than  the  per- 
centage of  oil  i)ro(iu(tion  allowed  to  oil  wells  drilled  therein. 

Character  and  Importance  of  Waste 

Kinds  of  Waste  in  rroductlon 

Waste  of  Oil  at  the  Surface. — Although  the  wastes  of 
crude  petroleum  at  the  surface  have  been  reduced  con- 
siderably in  recent  decades,  there  still  remain  losses  in 
connection  with  well  operation,  treating  of  crude,  stor- 


'The  oil  and  gas  conservation  statutes,  annotated,  4.32  pp.,  Federal 
oil  Conservation  Board.  Report  VI  to  the  President  of  the  United  States, 
lU.iS.  Tlio  foUowinc  States  spociflcally  define  waste  in  their  statutes 
or  set  forth  conditions  under  "wliich  oil  and  gas  sliall  not  be  \vastefully 
used  :  Arliansas,  p.  3.3  ;  California,  pp.  59  and  80  ;  Colorado,  pp.  85,  89 ; 
Indiana,  p.  116;  Kansas,  p.  121;  Louisiana,  pp.  150,  161.  168;  Michi- 
gan, pp.  200,  202,  214  ;  Mississippi,  p.  22.3  ;  Ohio,  p.  2G8  ;  01;lahoina, 
pp.  27!),  288,  289 ;  South  Daljota,  p.  .317 ;  Tennessee,  p.  321  ;  Texas, 
pp.  331-335;   West  Virsinia,   pp.  401-402;   Wyoming,   p.    412. 

'  For  citations  see  notes  In  oil  and  gas  conservation  statutes,  an- 
notated, Federal  Oil  Conservation  Board.  Report  TI  to  the  President 
of  the  United  States,  19SS — California,  p.  59 ;  Colorado,  pp.  85,  89  ; 
Indiana,  p.  110;  Olilahoma,  pp.  288,  2S9  ;  Texas,  pp.  332-335,  358-359. 

» See  House  BUI  481.  Oklahoma,  approved  April  10,  1933.  These 
sections  are  also  included  in  Ilale  B.  Soyster.  Revieic  of  the  Petroleum 
Industry  in  the  United  States,  U.  S.  Geological  Survey,  Washington, 
April  1934,  pp.  21-22.  Also  Petroleum  Investiijation,  19.Vi,  pp. 
1227-1228. 


age,  and  transportation.  Some  difference  of  opinion 
exists  as  to  the  significance  of  these  losses.  The  commit- 
tee of  the  board  of  directors  of  the  American  Petroleum 
Institute  reported  in  1925  that  the  losses  of  oil  under 
production  methods  then  used  were  small."  Clearly, 
these  physical  losses  at  the  surface  are  relatively  small 
when  compared  with  total  production.'  On  the  other 
hand,  when  translated  into  value  terms,  losses  are  still 
worth  avoiding.  On  the  assumption  that  all  the  crude 
oil  of  24°  or  more  A.  P.  I.  gravity  might  have  been 
stored  in  vapor-tight  tanks  from  the  time  of  production 
until  delivery  to  refineries,  the  annual  loss  by  evapora- 
tion was  estimated  in  excess  of  $33  million  in  1933.' 
At  the  present  time  the  losses  between  the  well  and  the 
refinery  probably  amount  to  1.5  percent  or  more  of  the 
crude." 

A  great  improvement  has  occurred  in  methods  and 
equipment  for  handling  crude  peti-oleum  from  the  well 
to  the  refinery.  In  the  last  decade,  losses  from  the  use 
of  open  pits  or  open  tanks  as  storage  facilit  ies  have  prac- 
tically been  eliminated.  At  one  time  the  use  of  earthen 
tanks  was  common  practice  in  new  fields,  and  losses  by 
seepage  and  heavy  rains  were  excessive.^"  Sometimes 
these  earthen  tanks  were  the  only  facilities  available  to 
a  producer  lacking  the  use  of  pipe-line  facilities  in  the 
field.  At  the  present  time  storage  facilities  are  reported 
to  be  more  than  adequate.  The  reduction  in  evaporation 
has  resulted  in  a  great  saving  of  the  more  volatile  frac- 
tions, and  hence  the  more  valuable  parts,  of  the  crude.*' 
The  restriction  of  i:)roduction,  of  course,  has  led  to  some 
reduction  in  the  recurrent  peak  demands  for  storage 
facilities.*^ 


'American  Petroleum  Supply  and  Demand,  p.  82. 

'  H.  C.  Fowler,  "Technical  Developments  in  Petroleum  and  Natural- 
Gas  Production,"  U.  S.  Bureau  of  Mines,  Minerals  Yearbook,  I9S2-19S3, 
p.  498. 

*  This  estimate  assumes  that  the  evaporated  constituents  represent 
mainly  gasoline  and  have  a  value  of  about  5  cents  per  gallon.  A 
sizable  percentage  of  storage  tanlis  in  1933  was  still  not  of  the  vapor- 
tight  type.     Petroleum  Invcstiiiation,  193i,  p.  1245. 

"  Ludwig  Schmidt  of  the  Bureau  of  Mines  Exiwrimental  Station  at 
Bartlesville,  Okla.,  estimated  that  these  losses  droiiix^d  from  6.2  per- 
cent in  1921  to  approximately  1.5  percent  in  1934,  Petroleum  Investiga- 
tion. lOSi,  pp.  1916-50.  On  the  other  hand,  S.  F.  Mauney,  Jr.,  and 
G.  M.  Vandaveer,  Jr.,  reported  in  1938  that  the  figure  for  loss  in  1934 
was  in  excess  of  2  percent.  Oil  and  Gas  Journal,  May  26,  1938,  p.  74. 

'°  See  the  description  by  Wirt  Franklin,  president,  Franklin  Petro- 
leum Company,  In  Petroleum  Investigation,  ISSli,  p.  1425.  Also  U.  S. 
Bure.iu  of  Mines.  Survey  of  Crude  Oil  in  Storage,  19S6-i:iS7,  Bulletin 
R.  I.  3417,  September  1938.  p.  40. 

"  It  lias  been  estimated  that  a  5-percent  evaporation  of  stored  crude 
oil  might  result  in  a  70-percent  loss  of  its  original  gasoline  content 
(that  is,  the  straight-run  gasoline).  On  the  other  hand,  the  evapora- 
tion loss  of  1934  was  estimated  to  be  not  over  2  percent  of  the  volume 
of  stored  crude,  equivalent  to  only  about  4  percent  of  the  gasoline 
content.  Petroleum  Investigation,  i'Wy,  p.  742.  On  evaporation  losses, 
see  Ludwig  Schmidt,  Applied  Methods  and  Equipvient  for  Reducing 
Evaporation'Losses  of  Petroleum,  and  OasoUne,  Bulletin  379,  Bureau  of 
Mines,  1934,  160  pp. ;  quoted  in  Petroleum  Investigation,  ISS)/,  pp.  1244- 
1245. 

"  See  testimony  of  W.  S.  Farlsh,  chairman  of  the  board.  Standard. 
Oil  Company  of  New  Jersey,  Petroleum  Investigation,  ISS'i,  p.  743. 
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Losses  in  pipe-line  transportation  of  crude  oil  have 
been  greatly  reduced  in  recent  years  by  the  use  of  welded 
joints  instead  of  the  screw-type  joints.'^  Pipe-line 
losses  now  are  reported  to  occur  principally  in  connec- 
tion with  air  allowed  to  enter  gravity-gathering  systems 
and  later  expelled  at  the  gathering  stations  with  its 
load  of  rich  vapors." 

In  the  i^ast,  large  quantities  of  crude  petroleum  have 
been  lost  from  uncontrolled  wells.  Although  the  tech- 
nique for  subduing  these  "wild"  wells  has  improved,  oc- 
casional excessive  losses  still  occur,  especially  in  high- 
pressure  fields.^^  Occasionally  these  "wild"  wells  catch 
fire,  and  control  is  even  more  difficult.  Fire  losses  are 
more  important  in  connection  with  storage.  Some  of  the 
most  disastrous  fires  have  occurred  where  lightning 
ignited  the  oil  stored  in  reservoirs  with  wood  roofs.^° 
Fire  losses  have  been  estimated  at  about  0.5  percent  of 
the  crude  produced." 

Waste  of  natural  gas  at  the  sxi/rface. — Waste  has 
accounted  for  a  larger  proportion  of  the  total  produc- 
tion of  natural  gas  than  of  crude  petroleum.  Until 
about  1918  the  waste  of  natural  gas  in  many  years 
equaled  the  consumption.'^  In  the  Gushing  field  in 
Oklahoma  the  average  daily  wast©  at  one  time  equaled 
300  million  cubic  feet.  Other  notorious  cases  of  waste 
occurred  in  the  Cotton  Valley  oil  field  in  Louisiana, 
where  in  1924  billions  of  cubic  feet  of  gas  were  blown 
into  the  air  in  an  effort  to  bring  oil  into  the  wells;  '^  in 
the  Oklahoma  City  field  in  1930,  1931,  and  1932 ;  ^o  and 
in  the  Panliandle  field  in  Texas,  where  in  1934  the  daily 
waste  of  gas  into  the  air  amounted  to  over  a  billion 


^  U.  S.  Bureau  of  Mines.  "Conservation  of  Petroleum  and  Natural 
Gas,"  Third  World  Poicer  Conference,  Washington,  1936,  Sec.  IV,  paper 
No.  12.  pp.  9-10. 

'*  Mauney  and  Vandaveer,  op.  cit.,  p.  79.  Tlie  general  adoption  of 
shut-off  valves  which  close  as  soon  as  the  flow  of  oil  stops  would  prac- 
tically eliminate  this  loss. 

1^  For  examples,  see  Petroleum  Investigation,  193i,  p.  1246.  One  of 
the  most  dramatic  losses  occurred  at  the  Mary  Sudick  No.  1  well  in 
the  Oklahoma  City  field  in  March  and  April  1930.  At  the  peak  this 
well  was  producing  a  thousand  barrels  of  oil  per  hour  and  blowing 
approximately  a  hundred  million  cubic  feet  of  gas  per  day  into  the  air. 
Much  of  the  oil  was  recovered  in  earthen  reservoirs,  but  the  gas  was 
lost  forever. 

1*  These  losses  applied  to  two  fires  in  California  in  1926  and  amounted 
to  7,800,000  barrels  of  crude  oil  or  approximately  1  percent  of  the 
total  production  of  crude  petroleum  in  the  United  States  in  1926, 
Petroleum  Investigation,  1931/,  p.  124S. 

"  This  percentage  applies  to  well  and  storage  fires  for  the  period 
1908-17.  C.  P.  Bowie.  Extinguishing  and  Preventing  Oil  and  Oas 
Fires,  Bull.  170,  U.  S.  Bureau  of  Mines,  1920,  p.  5  ;  also  Petroleum 
Investigation,  1934,  p.  1247.  For  the  period  1915-25  the  American 
Petroleum  Institute  estimated  waste  by  storage  fires  at  about  0.3 
percent  of  the  oil  produced.  No  allowance  was  made  for  fire  losses 
at  the  wells.  American  Petroleum  Institute,  Report  on  Records  of 
Oil  Tank  Fires  in  the  United  States,  191S-1925;  also  Petroleum  Investi- 
gation, 19Si,  p.  1247-1248. 

"  Statement  of  Samuel  S.  Wyer,  of  the  U.  S.  Fuel  Administration  In 
1918,  quoted  in  Chester  G.  Gilbert  and  Joseph  E.  Pogue,  America's 
Power  Resources,  p.  147. 

"Report  of  the  Federal  Trade  Commission,  Utility  CorporatiOTis, 
Washington,  1936,  p.  8S ;  and  Federal  Oil  Conservation  Board.  Re- 
port V  to  the  President  of  the  United  States,  19S3,  p.  52 ;  Report  I, 
1926,  p.  7. 

*>  Petroleum  Investigation,  1934,  p.  1232. 


cubic  feet."  In  1937  the  waste  of  natural  gas  in  Texas 
amounted  to  91.3  billion  cubic  feet.  In  California  gas 
blown  into  the  air  at  the  wells  amounted  to  approxi- 
mately 16  billion  cubic  feet.  Smaller  volumes  of  gas 
were  wasted  in  other  producing  States,  the  losses  in 
Louisiana,  and  probably  also  Oklahoma,  being  only  a 
few  billion  cubic  feet.^^  In  Wyoming  in  1936  the  loss 
of  natural  gas  at  one  well,  which  remained  out  of  con- 
trol throughout  most  of  the  year,  amounted  to  16  billion 
cubic  feet  of  gas,  or  about  as  much  as  consumption  in 
the  State.-^  In  this  mstance,  the  loss  was  largely  un- 
avoidable. 

From  the  beginning  of  the  natural-gas  industry  until 
more  or  less  effective  methods  of  control  were  estab- 
lished in  1936,  approximately  2.5  trillion  cubic  feet  of 
gas  were  discharged  in  the  air.  In  terms  of  heat  units 
this  enormous  quantity  of  gas  is  approximately  the 
equivalent  of  3.2  million  carloads  of  coal,  which  is 
enough  coal  to  form  a  train  21,600  miles  loiig.^*  In- 
deed, during  the  period  1922-30  it  is  estimated  that  the 
waste  of  natural  gas  approximated  30  percent  of  the 
total  volume  consumed  and  that  the  average  daily  waste 
approached  1.25  billion  cubic  feet.-°  The  waste  of  nat- 
ural gas  continued  to  exceed  consumption.  In  fact,  in 
every  year  from  1923  through  1930  the  volume  of  nat- 
ural gas  blown  into  the  air  exceeded  the  total  gas  con- 
sumed.-" 

In  the  Texas  Panhandle  the  waste  of  gas  has  been 
greatly  decreased  in  the  last  decade.  Waste  of  casing- 
head  gas  was  reduced  from  144  billion  cubic  feet  in  1927 
to  12  billion  cubic  feet  in  1933,  while  waste  of  gas  in 
drilling  oil  and  gas  wells  was  practically  eliminated.^' 
On  the  other  hand,  waste  of  residue  gas  from  which 
natural  gasoline  had  been  extracted  was  not  materially 
reduced  until  1935.  In  the  first  6  months  of  1934  in  the 
Texas  Panhandle  alone,  residue  gas  blown  into  the  air 
amounted  to  135  billion  cubic  feet,  yet  for  the  entire 
State  of  Texas  this  loss  of  gas  amounted  to  only  40  bil- 
lion cubic  feet  in  1936  and  47.7  billion  cubic  feet  in  1937. 


=1  v.  R.  Garflas,  "Proven  Reserves  of  Mineral  Fuels  in  the  United 
States,"  A.  I.  M.  M.  E.,  Pet.  Dev.  Tech.,  J9S5,  p.  244 ;  U.  S.  Bureau 
of  Mines,  Fuels  and  Energy  Policy,  November  1937,  p.  6  ;  and  Dick- 
erman,  "Organization  of  the  Production,  Transportation,  and  Distribu- 
tion of  Natural  and  Manufactured  Gas  in  the  United  States  of  America." 
Sec.  II.  Paper  No.  6,  Third  World  Power  Conference,  Washington, 
1936,  p.  6n. 

''Minerals  Tcariook,  193S,  pp.  914  and  926. 

»  Minerals  Yearbook,  19SS,  p.  1078. 

=»  H.  M.  Stalcup,  "What  the  Oil  and  Gas  Industry  Is  Doing  About 
Conservation."   Oil  and   Gas  Journal,  May   19,   1938,  p.   156. 

^  Dickerman,  op.  cit.,  p.  6n. 

'°  Utility  Corporations,  p.  93 ;  also  Henry  A.  Ley,  Geology  of  Natural 
Gas,  1935,  p.  1095. 

^  Utility  Corporations,  p.  95.  The  waste  of  natural  gas  in  drilling 
oil  wells  was  reduced  from  64  billion  cubic  feet  in  1927  to  1.2  billion 
cubic  feet  in  1933,  and  the  waste  of  gas  in  drilling  gas  wells  was  re- 
duced from  24  billion  cubic  feet  in  1927  to  0.8  billion  cubic  feet  in 
1933. 
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The  proportion  of  the  natural  gas  lost  at  gasoline  plants 
in  the  Texas  Panhandle  fell  from  65.5  percent  in  19-27 
to  28.4  percent  in  1932.  It  rose  again  to  52.2  percent 
during  the  first  half  of  1934  as  a  result  of  a  law  permit- 
ting stripper  operations.  After  that,  markets  were 
found  for  this  residue  gas,  especially  in  carbon-black 
plants  and  among  industrial  and  commercial  consumers 
reached  by  pipe  line.  In  1937  only  4.8  percent  of  the 
residue  gas  was  not  used.-*  Another  instance  of  the 
control  of  waste  is  the  Kettleman  Hills  oil  field  in  Cali- 
fornia. In  the  latter  part  of  1928  the  entire  gas  out- 
put of  this  field  was  wasted.  In  1930  the  waste  amounted 
to  70  percent  of  the  total  production  of  15S  billion  cubic 
feet.  During  1931  the  production  was  restricted  and 
the  waste  reduced  28  percent.  The  relative  waste  has 
been  further  restricted,  and  in  1937  in  the  entire  State 
of  California  only  4.5  percent  of  the  total  output  of 
natural  gas  was  blown  into  the  air.^* 

The  great  gains  in  conservation  of  natural  gas  are 
indicated  by  a  reduction  in  the  waste  of  this  fuel  in 
Te.xiis  from  nearly  400  billion  cubic  feet  in  1934  to  91 
billion  cubic  feet  in  1937.^° 

Part  of  the  tremendous  waste  of  natural  gas  was  in- 
tentional. The  gas  was  blown  into  the  air  either  be- 
cause of  the  lack  of  a  market  or  in  the  attempt  to  obtain 
oil  as  soon  as  possible.  Only  within  the  last  decade  has 
the  function  of  gas  in  raising  oil  been  appreciated.  Pre- 
viousl}',  the  usual  practice  in  a  new  field  was  to  "blow  it 
into  production"  by  getting  rid  of  the  natural  gas  if 
the  initial  flow  happened  to  be  gas."  Other  intentional 
wastes  of  natural  gas  have  followed  the  extraction  of 
natural  gasoline.  The  natural  gas  has  been  withdrawn 
from  tlie  reservoir  as  quickly  as  possible  in  order  to 
avoid  its  captui-e  by  an  adjacent  producer.  Any  use  of 
it,  even  though  very  wasteful,  was  in  the  individual 
operator's  point  of  view  better  than  losing  it  entirely. 
Residue  gas  often  contains  as  much  as  97  percent  of  the 
original  heating  value  of  the  gas.  The  wastage  of  this 
residue  gas  occurs  only  where  adequate  markets  or  mar- 
keting facilities  are  lacking.'"  The  tremendous  waste  of 
natural  gas  in  the  Panliandle  of  Texas  was  materially 
restricted  by  the  building  of  additional  pipe  lines  and 
even  somewhat  by  the  construction  of  carbon-black 
plants. 

Yet  in  making  carbon  black  practically  all  the  energy 
of  tlie  natural  gas  is  lost.     The  effectiveness  of  using 


"  Railroad  Commission  of  Texas.  Statistics  of  Natural  Qas  Pro- 
diictirin  and  Consumption  in  Texas,  1938. 

^Minerals  Yearbook,  1938,  p.  914. 

'"  At  tlie  end  of  1934  the  waste  of  natural  gas  in  gasoline  stripping 
plants  in  the  Texas  Tanliandle  alone  amounted  to  1.6  billion  cubic  feet 
per  day.  Minerals  Yearbook,  KSr,,  p.  814.  Much  of  this  waste  related 
to  the  stripping  of  the  "sour"  natural  gas.  Minerals  Yearbook,  ISSi, 
p.  724. 

""  Note  the  example  of  the  Cotton  Valley  oil  pool  already  referred 
to.     See  also  Petroleum  Investigation,  19Si,  p.  1248. 

3=  Vtility  Corporations,  p.  92. 


natural  gas  for  this  purpose  has  not  been  appreciably 
improved  in  recent  years,  despite  research  efforts  to 
develop  ways  of  making  carbon  black  more  efficiently 
than  by  the  channel  process  and  to  make  carbon  black 
from  coal.  Within  the  last  decade,  however,  carbon- 
black  manufacture  has  shifted  from  Louisiana  to  the 
Texas  Panhandle,  thus  leaving  a  larger  share  of  the  gas 
in  the  district  nearer  domestic  and  commercial  con- 
sumers for  their  use. 

One  of  the  important  causes  of  waste  of  natural  gas 
arises  out  of  the  fact  that  a  large  proj^ortion  '^  of  the 
total  natural  gas  is  produced  in  connection  with  crude  oil 
in  circumstances  under  which  neither  oil  nor  gas  can  be 
produced  iiideijendently  of  the  other.  Consequently  the 
quantity  of  gas  produced  is  dependent  primarily  on  the 
pi-oduction  of  crude  oil.  In  a  new  field  the  discovery  of 
oil  usually  is  followed  by  an  intensive  drilling  cam- 
paign. Many  wells  are  brought  into  production  at 
about  the  same  time.  The  demand  for  transportation 
facilities  usually  leads  to  the  building  of  a  crude-oil 
pipe  line ;  but  unless  the  field  is  of  considerable  size,  no 
provision  is  made  for  the  transportation  of  natural  gas, 
and,  aside  from  use  in  the  field,  it  is  often  wasted.  Thus 
the  committee  of  the  board  of  directors  of  the  Ameri- 
can Petroleum  Institute  looked  upon  the  waste  of  nat- 
ural gas  as  more  or  less  inevitable." 

Another  source  of  dry-gas  wastage  was  the  wide-open 
blowing  of  the  wells,  after  they  were  capped,  to  deter- 
mine periodically  the  capacities  of  the  wells  to  produce 
gas.  Prior  to  1929,  before  the  development  of  a  better 
mctliod,  open-flow  tests  were  permitted  on  wells  on  the 
public  and  Indian  lands.  A  substitute  method  devel- 
oped by  the  engineers  of  the  United  States  Bureau  of 
Mines  has  resulted  in  saving  the  wastes  incident  to 
these  measurements  of  capacity.  The  "back-pressure" 
method  of  gauging  capacities,  it  has  been  estimated,  has 
resulted  in  the  saving  of  millions  of  cubic  feet  of  gas.^" 


» Prior  to  the  extensive  development  of  the  I'anhandle  gas  field  it 
was  estimated  that  between  CO  and  70  percent  of  all  natural  gas  pro- 
duced in  the  United  States  was  obtained  in  connection  with  oil  opera- 
tions. Scott  Turner,  Conservation  of  Natural  Qas  in  Relation  to  Some 
Recent  Developments,  Bureau  of  Mines  Information  Circular  6392.  1930; 
also  Vtility  Corporations,  p.  87.  More  recently  it  has  been  estimated 
that  the  proportion  of  natural  gas  recovered  from  oil  wells  amounts  to 
bit  wren  50  and  60  percent  of  all  natural  gas  produced.  Dickerman, 
op.  cit.,  p.  9. 

^  "Because  of  the  relatively  low  value  of  the  gas  as  compared  to 
the  oil  it  has  not  always  been  economical  to  construct  the  necessary 
pipe  lines  and  facilities  for  handling  the  peals  production  of  the  gas 
which  lastB  for  only  a  few  months.  There  is  a  definite  limit  or  radius 
within  which  gas  can  be  transported  and  supplied  economically.  Ga8 
is  the  most  expensive  of  oil-field  products  to  handle,  and  it  has  been 
demonstrated  that  gas,  per  heat  unit,  costs  much  more  than  oil.  As 
soon  as  development  In  oil-gas  fields  demonstrates  that  there  will  be 
sufficient  gas  to  warrant  the  expenditures,  absorption  and  compression 
plants  are  constructed  to  handle  the  gas  from  the  wells.  The  initial 
costs  of  such  plants  are  large  and  considerable  time  [is]  required  for 
their  construction."     Supply  and  Demand,  pp.  82-83. 

s^  Federal  Oil  Conservation  Board,  Report  V,  pp.  53-54. 
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Likewise,  the  blowing  of  wells  to  remove  accumulationsi 
of  water,  sand,  and  debris  that  collect  in  the  bottom 
may  result  in  considerable  losses  of  gas  to  the  air.^" 
Considerable  wastage  of  natural  gas  occurs  in  its  trans- 
portation and  distribution.  Improvement  in  savings 
has  resulted  from  the  substitution  of  welded  pipe  lines 
for  the  old  screw-joint  pipe  lines.''  The  conversion  of 
local  manufactured  gas  distribution  systems  to  the  de- 
livery of  natural  gas  often  is  attended  by  considerable 
waste,  owing  to  the  fact  that  the  dry  natural  gas  re- 
quires tighter  joints.^*  Gas  pipe-line  leakage  during 
recent  j'cars  has  been  reduced  by  as  much  as  65  percent.'"* 

In  addition  to  the  blowing  of  natural  gas  into  the  air 
and  transportation  losses,  important  quantities  of  nat- 
ural gas  are  wasted  by  fires,  especially  at  the  wells. 
Practically  every  oil-well  fire  represents  the  wastage  of 
natural  gas  as  well  as  crude  petroleum. 

Wastes  of  oil  atvi  gas  in  the  ground. — -Estimates  of 
the  recovery  of  crude  jietroleum  by  natural  methods 
range  from  10  to  50  percent,  depending  upon  the  nature 
of  the  oil  reservoir  *"  and  the  efficiency  of  production. 
With  artificial  methods  of  i^ressure  maintenance,  re- 
pressuring,  or  other  secondary  methods,  it  has  been  esti- 
mated that  in  some  cases  as  much  as  70  percent  of  the 
original  deposit)  of  oil  can  be  recovered.*^  The  propor- 
tion of  the  oil  left  in  the  ground  which  can  be  classified 
as  waste  depends  on  the  extent  to  which  the  most  efficient 
methods  have  actually  been  used.  Probably  the  varia- 
tion in  relative  recovery  from  field  to  field  depends  more 
on  the  nature  of  the  sand  and  other  reservoir  conditions 
than  on  the  recovery  metliods,  but  it  has  been  demon- 
strated that  where  the  reservoir  energy  is  wasted,  only 
11  percent  of  the  potentially  obtainable  crude  actually 
will  be  produced.*-    In  the  Panhandle  oil  reservoir  it 


3"  Utililii  Corporations,  p.  91.  "A  considerable  number  of  companies 
are  operating  wells  with  a  sipbon  tubing  going  to  the  bottom  o£  the 
hole  in  order  to  use  the  expansive  force  of  the  gas  to  lift  water  out  of 
the  well  as  it  is  produced."     Thus  gas  is  saved. 

»"  The  U.  S.  Bureau  of  Mines  found  that  the  leakage  rate  for  screwed 
lines  in  sood  condition  ranged  from  250,000  to  400.000  cubic  feet  per 
year  per  mile  of  equivalent  3-inch  line ;  for  rubber-coupled  lines  in 
good  conilitiim,  from  100.000  to  300.000  cubic  feet ;  and  for  welded 
lines  in  good  condition  from  10,000  to  166,000  cubic  feet.  Improved 
methods  developed  by  the  various  branches  of  the  Federal  Government 
were  used  in  the  construction  of  the  1,000-mile  line  from  Amarillo  to 
Chicago.  Federal  Oil  Conservation  Board,  Report  V,  p.  55 ;  see  also 
E.  L.  Rawlins  and  L.  D.  Wosk,  Leakage  from  High-Pressure  Natural- 
Oas  Transmission  Lines,  Bulletin  265,  U.  S.  Bureau  of  Mines,  1928. 
p.  108. 

^  Utility  Corporations,  p.  92. 

="'  V.  S.  Bureau  of  Mines,  TInrd  Worid  Power  Conference,  op.  cit.,  p.  10. 

'"  The  quantity  of  oil  and  gas  that  can  be  obtained  from  a  given 
well  will  be  determined  by  the  area  drained,  the  thickness  of  the  oil- 
and  gas-bearing  sand,  the  pressure  under  which  the  gas  is  confined,  as 
well  as  the  existence  or  absence  of  a  water-drive. 

*'■  Petroleum  Investigation,  19.1',.  pp.  1218-1223. 

'-Hid.,  pn.  1220-1221.  Experiments  initiated  by  K.  Van  A.  Mills, 
of  the  U.  S.  Bureau  of  Mines,  in  an  effort  to  copy  the  conditions 
underground,  show  that  where  the  gas  outlet  was  shut  in  and  the  oil 
outlet  allowed  to  produce  at  a  slow  rate  the  recovery  amounted  to  51 
Iiercent  of  the  oil  in  the  reservoir.  The  water  advanced  evenly  with- 
out the  tendency  to  "cone"  toward  the  producing  well,  and  the  expan- 
sion  of  the   free  gas  forced  oil  tlirough   the  strata  toward   the  well. 


has  been  estimated  that  the  wastage  of  gas  led  to  the 
permanent  loss  of  roughly  300  million  barrels  of  oil. 
The  failure  to  understand  the  importance  of  natural 
gas  as  a  source  of  reservoir  energy  led,  in  the  hurry  to 
get  oil,  not  only  to  the  loss  of  the  natural  gas,  but  also 
to  the  leaving  undergi-ound  of  a  large  percentage  of  the 
total  reservoir  sujaply  of  some  of  the  earlier  fields. 
Moreover,  the  loss  of  reservoir  energy  greatly  increases 
the  cost  of  recovering  oil,  because  pumping  has  to  be 
initiated  sooner.  Not  only  that,  but  the  obtaining  of  the 
remainder  of  the  crude  requires  a  much  longer  period  of 
time,  which  means  more  labor  and  a  greater  use  of  capi- 
tal. Even  so,  from  a  private  point  of  view,  rapid  pro- 
duction is  often  profitable.  The  operator  may  be  able 
to  get  back  in  a  few  days  his  total  investment  in  the  well. 
By  obtaining  the  cream  of  the  deposit  in  a  hurry,  he  is 
able  to  write  off  his  investment  in  the  well  and  look 
upon  any  additional  income,  no  matter  if  it  is  spread 
over  a  long  period  of  time,  as  profit,  after  operating  ex- 
penses are  paid.  These  methods,  however,  clearly  will 
result  in  social  waste  and  probably,  in  the  long  run, 
in  a  decreased  ojjerating  profit.  The  waste  of  reser- 
voir energy  is  sometimes  intentional,  jsarticularly  where 
competitive  drilling  is  very  intense  and  where  the  less 
costly  methods  of  operation  are  likely  to  prevail ;  under 
other  circumstances  the  waste  results  from  a  general 
failure  to  use  the  best  engineering  practice.  The  per- 
centage of  recovery  will  be  reduced  and  the  cost  of 
obtaining  some  jjortions  of  the  reserve  greatly  in- 
creased. Although  intentional,  such  waste  may  often 
be  unavoidable  insofar  as  the  action  of  the  individual 
ojjerator  is  concerned. 

Reservoir  energy  is  often  wasted  by  the  drilling  of 
an  excessive  number  of  wells.  The  Bureau  of  Mines 
has  reported  that  "it  frequently  has  been  impossible  to 
work  out  rational  spacing  programs  due  to  conditions 
of  competitive  drilling  calling  for  a  multiplicity  of 
'offset'  wells  in  place  of  a  few  carefully  selected  wells 
which  would  have  *  *  *  prevented  attendant  physi- 
cal losses."  *'  Whether  a  large  or  small  number  of 
wells  is  required  to  produce  most  efficiently  the  oil  and 
gas  from  a  given  stratum  depends  upon  the  nature  of 
the  underground  reservoir.  Only  experienced  engineers 
and  geologists  can  space  wells  so  that  the  gas-oil 
ratio  is  kept  as  low  as  possible  and  the  reservoir  energy 
made  to  recover  a  maximum  percentage  of  the  under- 
ground deposit.     Because  in  most  fields  well  spacing 


Where  the  gas  is  conserved  but  the  oil  produced  rapidly  the  recovery 
was  only  22  percent  and  the  water  showed  a  decided  tendency  to 
"cone"  toward  the  well.  Where  the  gas  is  produced  and  wasted  the 
recovery  amounted  to  only  11  percent.  Because  the  water-drive 
forced  oil  into  the  dry-gas  area,  the  ultimate  recovery  from  the  reser- 
voir W.1S  materially  reduced.  These  conditions  apply  to  the  normal 
dome-shaped  structure.  Where  there  is  no  gas  cap  the  difference  in 
recovery  between  slow  and  rapid  production  probably  would  be  less. 

"  H.  C  Fowler,   "Technical  Developments  in  Petroleum  and  Natural- 
Gas  Production,"  Minerals  YearVooU,  193J-ti.SS,  p.  504. 
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is  decided,  on  the  basis  of  competitive  necessity,  much 
capital  as  well  as  large  amounts  of  oil  and  gas  are 
wasted.  It  has  been  estimated  that  the  niunber  of  wells 
in  the  great  East  Texas  field  is  two  to  three  times  what 
it  needs  to  be  to  recover  the  oil  most  effectively.** 

Another  source  of  underground  waste  of  oil  and  gas 
is  the  inadequate  casing  and  cementing  of  wells.  As  a 
result  of  faulty  completion,  water  is  allowed  to  enter 
the  oil-bearing  sands  and  to  waste  large  amounts  of  oil 
as  well  as  raise  the  gravity  of  what  oil  is  produced, 
owing  to  the  formation  of  emulsions  which  have  to  be 
treated  with  resultant  evaporation."  The  harmful  in- 
filtration of  water  has  been  considered  the  greatest 
source  of  waste  of  crude  oil  by  some  authorities.*" 
Faulty  completion  of  wells  also  results  in  the  escape  of 
gas  from  purely  gas-producing  strata  into  other  strata 
or  to  the  surface.  Gas  lost  to  oil-bearing  strata  may 
help  lift  oil  to  the  surface  but  is,  in  the  main,  wasted. 
The  use  of  dry  gas  from  other  formations  to  lift  oil 
results  in  the  production  of  gas  that  need  not  have  been 
produced  at  all  with  the  oil  recovered.  The  under- 
ground losses  of  oil  and  gas  through  faulty  well  com- 
pletion are  less  prevalent  now  than  in  the  1920's.*' 

Waste  of  capital. — The  building  up  of  a  larger  pro- 
ductive mechanism  than  is  necessary  leads  to  the  in- 
vestment of  excessive  funds  in  the  oil  and  gas  industry. 
Imperfect  State  restriction  on  production  from  new  oil 
and  gas  fields  has  meant  that  an  excessive  number  of 
wells  have  been  drilled  especially  in  and  near  areas  of 
flush  production.  Govermnental  agencies,  particularly 
geological  bureaus,  have  given  some  assistance  to  drill- 
ing companies  in  divining  where  oil  and  gas  are  most 
likely  to  be  discovered.  There  is,  however,  no  effective 
Government  restriction  of  exploratory  activity  to  the 
current  needs  for  new  supplies  of  oil  and  gas.  The 
most  important  source  of  capital  waste  lies  in  the  drill- 
ing of  unnecessary  wells.  It  has  been  estimated  that 
in  the  East  Texas  field  alone  12,500  more  wells  were 
drilled  than  were  needed  to  produce  the  oil  and  gas. 
At  an  average  of  $13,000  i)er  well,  the  capital  waste  in 
drilling  in  that  field  amounted  to  $162,000,000.*' 


"  Petroleum  Investigation,  ins.',,  pp.  2162-216.3.  See  also  the  discus- 
sion of  thi-s  problem  by  James  A.  Veasey,  general  counsel  of  tbe  Carter 
Oil  Co.,  a  subsidiary  of  Standard  Oil  Company  of  New  Jersey,  ibid., 
p.  1708. 

"Maunoy  and  Vandaveer,  loc.  cit.  '"The  condition  and  type  of  flow- 
ing an !  pumping  equipment  has  a  considerable  effect  on  the  type  and 
amount  of  emulsion  formed.  •  •  «  Repair  of  leaky  pumps  and 
removal  of  constrictions  that  cause  extreme  agitation  can  prevent  or 
decrease  formation  of  emulsions." 

"Gilbert  and  rogue,  op.  cit.,  p.  108. 

'■Utility  Corporationn,  pp.  fiO-OO. 

<'  Willinm  E.  Hubbard,  "Economics  and  Well  Spacing  In  Texas," 
A.  I.  M.  M.  E..  Pet.  Dn'.  Tech.,  K.n.  p.  170.  The  cost  of  excessive  drill- 
ing also  Is  indicated  by  the  oi)oration  of  the  so-called  Golden  Lane 
field  in  Mexico.  The  competitive  part  of  that  field  is  reported  to  ha%'e 
pro  luced  oil  at  a  cost  of  19.3  cents  per  barrel  in  comparison  with  the 
cost  in  the  noncompetitive  part  of  the  field  of  5.9  cents  per  barrel. 
E.  L.  EstabroolJ,  "Unit  Oiieration  in  Foreign  Fields,"  A.  I.  .U.  if.  E., 
Pet.  Dev.  Tech.,  ISSl,  p.  44. 


The  excess  cost  of  obtaining  oil  under  such  conditions 
leads  either  to  bankruptcy  of  operators  or  rising  prices 
of  oil.  In  (ho  Oklahoma  City  field  the  practice  of  off- 
set drilling  resulted  in  the  failure  of  most  small  opera- 
tors and  in  heavy  losses  to  many  large  concerns. 

Overproduction  of  crude  oil  during  the  period  of 
poor  business  conditions  in  the  late  twenties  and  early 
thirties  gave  rise  to  the  construction  of  extensive  storage 
facilities,  although  speculation  during  the  twenties  also 
led  to  a  great  rise  in  storage  capacity.  Subsequent 
restriction  of  production  finds  the  industry  with  a  large 
excessive  investment  in  storage  facilities.  On  June  30, 
1936.  em])ty  storage  capacity  for  crude  petroleum  was 
estimated  at  2G0  million  barrels  out  of  a  total  capacity 
of  583  million  barrels.*"  Great  capital  wastes  have  oc- 
curred because  of  the  rapid  development  of  oil  fields. 
If  these  fields  had  been  developed  at  a  slower  rate  and 
production  had  been  at  a  lower  level,  the  investment  in 
pipe  lines,  for  example,  might  have  been  materially 
restricted. 

Causes  and  Significance  of  Wastes  in  Production 

Legal  system  of  land  ami  subsoil  owtiership. — One  of 
the  major  causes  of  waste  of  oil  and  gas  relates  to  the 
right  of  the  individual  landowner  to  "capture"  all  of 
the  oil  and  gas  which  is  produced  from  wells  on  his 
property.  The  migratory  nature  of  oil,  when  the  static- 
pressure  balance  in  the  pool  is  disturbed  by  drilling, 
leads  to  a  movement  of  oil  in  the  direction  of  reduced 
pressure.  Consequent!}'  a  well  can  and  often  does  drain 
reserves  from  adjacent  jiroperty.  In  many  fields,  the 
adjacent  landowner  has  no  effective  way  of  protecting 
his  subsoil  mineral  rights  other  than  to  drill  offsetting 
wells  as  rapidly  as  possible.  In  the  effort  to  recover 
the  maximum  of  oil  in  the  minimum  of  time,  a  large 
proportion  of  the  reservoir  energy  may  be  wasted. 
Competitive  methods  based  on  the  "law  of  capture"  still 
characterize  a  large  part  of  the  industry.  Moreover, 
the  speed  with  which  new  fields  are  brought  into  flush 
production  makes  it  unlikely  that  adequate  marketing 
facilities  will  be  available  for  the  accompanying  natural 
gas  until  after  large  (jiiantities  of  this  fuel  are  blown 
into  the  air.  The  speed  of  production  may  be  the  major 
cause  of  underground  lo.sses  of  both  oil  and  natural 
gas."^"  The  alternative  to  competitive  production  is 
some  kind  of  a  system  of  unit-field  operation  in  which 
the  spacing  of  wells  and  the  rate  of  operation  are 
based  upon  efforts  to  recover  a  maximum  proportion 
of  the  underground  resources  and  to  make  most  effective 


«'T:.  S.  Bureau  of  Mines,  Kiirien  of  Crude  Oil  in  Storage,  m6-19.rr, 
UuUetln  R.  I.  3417,  September  1938,  p.  35. 

">  Feileral  Oil  Conservation  Board,  Report  T  to  the  President  of  the 
I'nited  States,  I9.n,  p.  52 ;  Utility  Corporations,  p.  89 ;  Garfias, 
A.  I.  M.  M.  E.,  Pet.  Dev.  Tech.,  19SS.  p.  244. 
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use  of  the  lifting  power  of  natural  gas.°^  Moreover, 
production  would  be  held  back  until  adequate  market- 
ing facilities  were  provided.^- 

Small  landholdings. — The  wastes  resulting  from  the 
operation  of  the  "right  to  capture"  are  accentuated  in 
many  fields  by  the  smallness  of  individual  landholdings. 
In  suburban  districts  or  even  within  incorporated  com- 
munities the  intensive  efforts  to  recover  oil  have  led  to 
wells  being  drilled  within  a  hundred  feet  of  each  other. 
Under  such  circumstances  waste  is  excessive.  One  of 
the  first  successful  efforts  to  restrict  excessive  drilling 
relates  to  such  a  situation.*^ 

Abundance  of  easily  accessible  resources. — ^Waste  in 
production  may  result  from  the  fact  that  oil  and  gas 
fields  have  been  discovered  in  a  large  number  of  States 
and  that  possible  oil-bearing  territory  is  still  verj'  great. 
In  the  search  for  oil  and  gas  the  most  easily  accessible 
and  richest  deposits  are  likely  to  be  removed  first.  Such 
practices  lead  not  only  to  the  removal  of  some  of  the 
best  grades  of  crude  oil  as  soon  as  discovered  but  also 
to  the  use  of  less  costly  equipment.  The  largeness  of 
reserves  of  oil  and  gas  leads  to  an  emphasis  on  sav- 
ing capital  rather  than  the  resource.  These  considera- 
tions apply  particularly  to  the  coastal  oil  fields,  where 
the  crude  is  the  moie  valuable  because  of  the  nearness 
of  the  wells  to  water  terminals,  and  also  to  the  Texas 
Panhandle  and  Hugoton  natural  gas  fields,  where  the 
extent  of  proven  reserves  makes  it  a  fairly  simple  matter 
to  obtain  additional  supplies  of  natural  gas.    In  these 


'I  An  extreme  example  of  the  effect  of  reduction  of  gas  pressure  In 
a  proilucina:  oil  field  has  been  described  by  George  W.  Stoclsing  as 
follows :  "In  March  1920  the  discovery  well  was  completed  in  the 
Stephens  County,  Okla.,  oil  field.  This  well  was  located  on  a  160-acre 
farm.  The  initial  production  was  approximately  750  barrels.  With 
the  completion  of  7  additional  wells  the  lease  production  increased  to 
6.000  barrels,  after  which  it  began  to  decline.  In  the  meantime  an 
actlvedrilling  campaign  had  begun  in  adjoining  tracts.  Two  wells  at 
a  distance  of  about  a  quarter  of  a  mile  'came  in'  unexpectedly  about 
June  1  as  gas  wells.  The  total  production  on  the  above  tract  at  this 
time  was  approximately  4.700  barrels.  With  the  completion  of  the 
gas  wells,  which  'ran  wild'  for  several  weeks,  the  oil  production  on 
the  160-acre  tract  dropped  500  barrels  1  night  and  rapidly  declined 
thereafter.  Despite  the  completion  of  4  additional  wells  the  produc- 
tion on  July  1,  4  weeks  later,  was  down  to  2,300  barrels.  Meanwhile, 
several  other  gas  wells  were  completed,  1  being  an  offset  to  a  300- 
harrel  oil  producer  on  the  160-acre  farm.  This  well  dropi)ed  to  200 
barrels  with  the  completion  of  the  gasser.  Before  the  latter  well  had 
been  shut  in,  all  the  oil  wells  on  the  adjoining  property  had  ceased  to 
flow  naturally  and  it  was  necessary  to  place  them  on  the  pump." 

Stocking,  The  Oil  Industry  and  the  Competitive  System,  1925,  pp. 
171-173  ;  also  VtiUty  Corporations,  pp.  88-89. 

^-  The  major  reason  for  unit  operation  lies  in  avoiding  underground 
waste.  In  the  Texas  Panhandle  oil  district  it  has  been  estimated  that 
the  competitive  development  of  the  field  and  the  wastage  of  gas  from 
the  reservoir  have  resulted  in  the  loss  of  from  400  to  500  million 
barrels  of  recoverable  oil.  See  statement  by  J.  G.  Dickinson,  Superin- 
tendent of  production,  Texoma  Natural  Gas  Co.,  Emerald,  Tex., 
Petroleum  Investigation,  193i,  p.  1240;  on  the  disadvantage  of  produc- 
ing oil  at  too  slow  a  rate,  see  p.  2136. 

"  In  19D8  the  city  of  Oxford,  Kans.,  was  upheld  in  its  efforts  to  limit 
the  drilling  of  wells  to  one  per  city  block.  Marrs.  V.  City  of  Oxford, 
24  F.  (2d)  541  (D.  Kan.  1928),  affd,  32  F.  (2d)  134  (C.  C.  A.  8th, 
1929),  cert,  denied,  280  D.  S.  573,  563  (1929)  ;  discussed  hy  Northcutt 
Ely,  "The  Conservation  of  Oil,"  51,  Harvard  Law  Review,  1235. 


gas  fields,  however,  the  spacing  of  wells,  in  some  parts 
of  the  fields  at  least,  have  been  restricted  to  one  to  every 
640  acres. 

Overproduction  and  depressed  prices. — The  abun- 
dance of  possible  oil-bearing  strata  and  the  inadequate 
restriction  of  drilling  efforts  lead  to  serious  overpro- 
duction if  a  major  oil  field  happens  to  be  discovered 
in  a  period  of  business  recession.  Such  a  situation 
occuri'ed  in  the  Seminole  field  in  Oklahoma  in  1927  and 
in  the  East  Texas  field  in  1931.  The  rush  to  drill  wells 
in  a  field  would  be  just  as  great  in  a  period  of  depression 
as  in  a  period  of  prosperity  once  the  field  had  been 
opened  up.  Changes  in  market  demand  may  have  some 
controlling  effect  over  production  in  older  fields,  but 
very  little  effect  in  newlj'  discovered  fields  during  flush 
production  periods.  If  drilling  operations  and  pro- 
duction are  not  restricted  somewhat  in  relationship  to 
the  changes  in  demand,  prices  of  oil  and  gas  are  likely 
to  fall,  and  efforts  to  conserve  supplies  of  oil  and  gas 
are  likely  to  be  dropped.  Producers  have  no  time  to 
save  gas  when  there  is  a  race  between  adjacent  lease- 
holders to  acquire  a  gi'eater  proportion  of  the  more 
valuable  crude  oil,  nor  are  efforts  to  conserve  or  use 
residue  gas  successful  if  there  is  competition  among 
producers  to  withdraw  the  natural  gas  from  a  field  and 
produce  natural  gasoline  from  it.  The  possibility  of 
obtaining  part  of  the  resource  under  another's  property 
promises  a  greater  reward  than  efforts  to  conserve  the 
oil  and  gas  already  obtained.  Depressed  prices  may 
be  accompanied  not  only  by  the  loss  of  less  valuable 
parts  of  the  crude  oil  but  also  by  the  failure  to  use 
more  efficient  productive  equipment.  Moreover,  in  a 
new  field  the  price  is  further  depressed  by  the  fact  that 
the  available  market  is  likely  to  be  a  local  one  and  that 
the  chance  of  obtaining  an  outlet  for  the  oil  and  gas 
will  depend  upon  proof  that  the  new  field  is  of  sufficient 
size  to  warrant  the  construction  of  pipe-line  facilities. 
For  example,  domestic  and  industrial  consumers  of 
natural  gas  in  a  distant  metropolitan  area  are  not  going 
to  agree  to  change  from  manufactured  to  natural  gas 
unless  they  are  assured  that  the  supply  of  the  latter  will 
be  sufficient  to  last  a  number  of  years.  "Witness  the 
caution  of  the  Denver  distributing  utility  in  agreeing 
to  purchase  natural  gas  from  the  Amarillo  field. 

Whenever  the  production  of  crude  oil  is  far  in  excess 
of  market  demands,  large  quantities  of  oil  must  be 
stored  in  wait  for  improved  business  conditions  or 
transferred  to  more  distant  markets.  In  both  cases 
there  are  likely  to  be  some  storage  losses.  Moreover,  the 
extra  investment  in  these  facilities  in  a  sense  is  unjus- 
tifiable. At  times  crude  oil  must  be  stored  for  a  period 
of  several  years.  The  cost  of  storing  per  year  may 
in  a  depression  year  amount  to  as  much  as  the  original 
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value  of  the  crude."  In  addition,  the  loss  of  interest 
on  investment  in  the  crude  itself  is  also  considerable. 

During  periods  of  overproduction  marginal  wells  are 
likely  to  be  shut  down ;  and,  if  the  price  of  oil  threatens 
to  remain  low  for  some  time,  the  wells  may  be  aban- 
doned and  the  equipment  moved  to  more  profitable 
areas.  This  practice  results  in  substantial  hidden  loss 
in  ultimate  recovery  from  these  abandoned  wells;  for, 
if  prices  had  been  somewhat  higher,  it  might  have  paid 
to  continue  their  operation  or  even  to  install  improved 
equipment.  Once  oil  wells  are  plugged,  it  may  be  im- 
possible to  open  them  up  again  after  prices  rise  above 
their  costs  of  operation."  The  abandonment  of  wells 
because  of  low  price  of  crude  has  been  estimated  to 
constitute  a  considerable  economic  loss.^" 

Special  marketing  di-fficulties. — Under  circumstances 
of  flush  production  or  even  of  production  from  old 
fields  during  a  period  of  business  depression,  some  oil 
producers  have  been  refused  access  to  pipe-line  facili- 
ties."' The  operator  may  be  forced  to  store  his  crude 
temporarily  in  earthen  reservoirs  or  to  ship  it  by  tank 
truck  or  railroad.  Considerable  waste  in  handling  is 
likely  to  result.  As  already  indicated,  the  discovery  of 
a  new  gas  field  may  lead  to  an  inunediate  oversupply  of 
local  tributary  markets.  As  suggested,  natural  gas  dis- 
tributing companies  in  other  districts  may  be  unwilling 
to  tie  up  with  pipe  lines  leading  from  the  new  field,  par- 
ticularly where  natural  gas  is  being  produced  as  a 
byproduct  of  oil,  until  assured  that  the  supplies  of  gas 
are  adequate.  In  the  meantime  tliere  probably  will  be 
considerable  waste.  The  same  considerations  apply  to 
the  construction  of  crude  pipe  lines  by  distant  re- 
finers.'* Where  a  distributing  company  or  affiliated 
group  has  a  monopoly  of  pipe-line  facilities  in  produc- 
ing territory,  some  owners  of  natural  gas  wells  may  at 
times  be  unable  to  sell  their  supplies  and  thus  be  forced 
to  let  the  gas  go  to  waste  in  the  air."® 


*•  On  storage  problems,  see  Wilbur  P.  Cloud,  Petroleum  Production, 
1937,  Chapter  XVI,  p.  554. 

» Well  casings  corrode.  In  some  areas  at  least,  three  times  as  fast 
in  shut-down  wells  as  In  producing  wells.  Severe  corrosion  may  cause 
the  ca8iny:s  to  collapse.  Under  such  circumstances  redriUiny  or  repair- 
ing the  well  Is  necessary  before  it  can  again  be  pumped.  Such  an  extra 
expenditure  may  not  be  justified  even  with  a  considerable  rise  in  price. 
FurthiTmore,  premature  abandonment  of  wells  may  involve  seepage  of 
surface  and  underground  waters  Into  oii-bearlng  strata  and  the  loss  of 
the  reserve.  It  may  be  desirable  for  the  State  to  require  conditioning  of 
wells  before  they  are  temporarily  shut  down.  U.  S.  Bureau  of  Mines, 
Third  World  Power  Conference,  op.  cit.,  pp.  6-7. 

M  Statement  of  H.  F.  Sinclair,  Petroleum  Investigation,  BS'i,  p.  2507. 
In  addition,  see  the  data  presented  by  Katharine  Carman  of  the  Petro- 
leum Administration  Board,  ibid.,  pp.  308-429. 

•'  Statement  of  Joseph  Danciger,  Pctroh^um  Investigation,  19Si,  pp. 
2200-2201. 

"E.  DeGolyer.  "Organization  of  Production,  Redning,  and  Distribu- 
tion of  Petroleum  and  Petroleum  Products,"  Third  World  Power  Con- 
ference, Section  II,  Paper  No.  5.  pp.  4-5. 

°"  In  the  recent  suit  filed  against  the  Columbia  Gas  and  Electric  Com- 
pany for  violation  of  the  Sherman  Antitrust  Act,  it  has  been  alleged 
that  the  corporation  has  dealt  unfairly  with  producers  of  gas  and 
owners  of  gas  reserves  in  the  Kentucky  and  West  Virginia  fields. 
Journal  of  Commerce,  November  5,  1938,  pp.  1  and  5. 


Another  difficulty  in  marketing  natural  gas  may  lead 
to  considerable  waste.  Since  the  maximum  demand  for 
oil  occurs  in  the  summer  and  that  for  gas  in  the  winter, 
it  is  difficult  to  dispose  of  all  of  the  natural  gas  during 
the  suimner  in  those  fields  where  gas  and  oil  are  pro- 
duced together.  Waste  is  sometimes  reduced  by  return- 
ing the  excess  natural  gas  to  its  natural  reservoir.  In 
some  instances,  production  of  oil  in  the  winter  in  excess 
of  market  demands  has  been  resorted  to,  but  this  results 
in  extra  storage  and  some  waste  of  crude  petroleum."" 

Distance  from  market  and  loiu  prices  at  well. — The 
waste  of  oil  and  gas  may  be  accentuated  in  those  fields 
discovered  far  from  centers  of  population.  Prices  are 
low  because  of  the  great  transportation  costs  and  per- 
hajjs  also  because  of  the  flush  production  of  oil  and  gas. 
In  such  distant  fields  pipe-line  facilities  may  not  be  con- 
structed until  after  a  considei-able  delay.  Consequently, 
there  is  always  a  great  waste  of  quantities  of  natural 
gas. 

Inefflcient  methods. — Probably  in  every  oil  and  gas 
field  in  the  country  wastes  result  because  of  the  use  of 
inefficient  methotls  and  out-of-date  equipment.  The 
explanation  may  be  related  to  the  low  price  of  oil  and 
gas,  to  ignorance  of  tlie  best  geological  and  engineering 
advice,  or  to  lack  of  capital,  and  hence  inability  to  take 
a  long  view.  The  advantage  of  a  new  method  is  very 
difficult  to  establish  in  the  oil  industry  because  of  the 
uncertainty  about  what  occurs  in  the  reservoir.  Only 
after  considerable  exiieriiuentation  is  a  change  made  to 
the  more  up-to-date  procedure.  Thus,  only  within  the 
last  decade  or  so  has  the  function  of  reservoir  energy 
been  fully  appreciated,  although  experiments  in  some 
kind  of  control  of  the  gas-oil  ratio  were  made  years  be- 
fore. Moreover,  the  adoption  of  newer  techniques  may 
be  delayed  by  the  difficulty  of  managing  a  dispersed 
enterprise  with  jjroducing  wells  in  many  districts.  Dur- 
ing a  period  of  flush  production  many  operators  ap- 
parently feel  that  more  is  to  be  gained  by  speeding  up 
production  than  by  a  careful  check  of  operating 
methods  and  equipment  to  see  that  only  the  best  prac- 
tice prevails. 

Regulatory  difficulties. — Some  waste  probably  results 
from  the  delays  in  applying  uniform  rules  by  State  reg- 
ulatory bodies  to  all  parts  of  an  oil  field.  More  wastes 
may  result  from  applying  blanket  regulations  to  differ- 
ent fields  or  all  parts  of  the  same  field  without  adequate 
knowledge  of  reservoir  and  other  production  con- 
ditions."' 


">  Federal  Oil  Con.scrvation  Board,  Report  V,  pp.  52-5S ;  Federal  Trade 
Commissionr  Utility  Corporations,  p.  90. 

"  The  question  of  how  to  regulate  production  from  combination  wells, 
which  prciducp  both  gas  and  bi^'b -yrade  distillate,  has  a  vital  bearing  on 
the  problem  of  waste  and  its  prevention.  If  these  wells  are  produced  as 
oil  wells,  the  gas  may  be  allowed  to  be  wasted,  Oil  and  Oas  Journal, 
May  19,  1938,  p.  38. 


129960—39- 


-14 


194 


National  Resources  Committee 


Causes  and  Significance  of  Wastes  in  Use 

Ineficient  con-niming  equipment. — Oil  and  gas  are  as 
effectively  wasted  in  consumption  if  only  partly  used  as 
in  production  if  only  partly  recovered.  At  one  time 
petroleum  refineries  and  chemical  plants  were  not  ade- 
quately equipjDed  to  save  all  parts  of  the  oil  or  gas 
which  they  were  processing.  An  important  present 
cause  of  waste  of  natural  gas  lies  in  the  continued  use 
of  equipment  of  poor  design.  Considerable  wastage  of 
gas  may  occur  through  inefficient  combustion  or  ineffi- 
cient application  of  heat.  Waste  due  to  the  use  of  old- 
type  stoves  may  still  be  considerable.  Moreover,  dis- 
tribution facilities  may  not  be  of  the  most  modern  type 
and  may  be  losing  important  quantities  of  natural  gas. 
Waste  of  this  kind  can  be  avoided  only  by  additional 
capital  expenditures  on  new  equipment.  The  possibili- 
ties of  savings  may  not  be  sufficient  to  warrant  the  extra 
investment.  Expenditure  and  in  some  instances  the 
waste  may  be  incurred  by  a  person  other  than  the 
owner  of  the  equipment — incurred  by  a  renter,  for  ex- 
ample. Similar  losses  occur  in  connection  with  the 
burning  of  kerosene  and  fuel  oil  whenever  the  equip- 
ment is  not  adequately  designed  to  provide  effective 
combustion  and  apjjlication  of  heat.  Losses  of  this 
type,  although  of  considerable  magnitude,  are  far  less 
important  than  losses  occurring  in  the  production  of  oil 
and  gas."-  Waste  of  fuel  in  motors  may  result  from  the 
use  of  inefficient  equipment.  In  the  main,  this  problem 
has  been  treated  in  chapter  IV.  It  may  be  pointed 
out  here,  however,  that  further  savings  of  motor  fuel 
will  mean  development  of  smaller  automobiles,"^  fur- 
ther streamlining,  the  use  of  multiple  gear  shifts,  over- 
drives, or  freewheeling,  less  vapor  loss,"*  more  complete 
combustion,  and  perhaps  eventually  the  substitution  of 
the  more  efficient  Diesel  motor. 

The  fullest  it.se  of  distinctive  qualities. — In  burning 
oil  and  gas  products,  efficient  utilization  would  require 
that  a  more  valuable  product  be  retained  for  uses  where 
advantages  could  be  made  of  its  more  unusual  char- 
acteristics. Thus,  it  is  ineffective  use,  if  not  waste,  to 
burn  sweet  gas  in  manufacturing  carbon  black,  when 
adequate  supplies  of  sour  gas  are  available.  Sweet  gas 
should  be  reserved  for  domestic  and  commercial  use, 
because  sour  gas  is  corrosive  to  equipment  and  dirties 
the  burners."^    IVIoreover,  any  sweet  gas  containing  com- 


'^  utility  CGrporations,  p.  92, 

°=  It  has  been  suggested  that  efficiency  in  use  and  conservation  would 
be  furthered  it  consumption  were  restricted  to  lighter  automobiles. 
Petroleum  Investigation,  193!,,  pp.  364,  217S.  It  was  suggested  that  a 
Packard  automobile  consumes  approximately  twice  as  much  gasoline  as 
a  Chevrolet  for  a  given  mileage. 

"  It  has  been  estimated  that  from  1  to  5  percent  of  motor  fuel  is 
wasted  by  vapor  losses.  T.  W.  Legatski  and  R.  R.  Couch,  "Fuel  Sys- 
tems of  1937  Automobiles,"  Oi!  and  Gas  Journal,  November  18,  1937 
p.  m. 

"=  In  addition,  if  the  stove  is  not  connected  to  a  flue  the  products  of 
combustion  of  sour  gas  give  off  an  offensive  odor. 


mercially  recoverable  helium  should  be  retained  for  the 
production  of  that  gas  rather  than  used  immediately  for 
fuel.  Propanes  and  butanes  must  be  removed  from 
natural  gas  before  being  sold  to  distributing  companies. 
The  saving  of  these  valuable  liquefiable  gases  actually 
improves  the  quality  of  natural  gas  for  domestic  and 
commercial  use  because  too  much  butane  introduced  into 
gas  lines  causes  condensation,  water  hannner,  and  the 
formation  of  hydrocarbon  hydrates.""  Thus  prudent 
utilization  requires  that  the  most  valuable  parts  of  oil 
and  gas  be  removed  and  not  be  consumed  incidentally 
with  less  valuable  fractions. 

Prohlem  of  less  urgent  use. — If  all  of  the  crude  oil 
could  be  used  to  manufacture  the  more  valuable  petro- 
leum products  and  the  users  of  the  less  valuable  prod- 
ucts be  shifted  to  coal,  the  production  of  crude  oil  might 
be  materially  restricted  and  the  life  of  reserves  corre- 
spondingly increased.  This  suggestion  was  made  by  the 
Federal  Oil  Conservation  Board  in  its  first  report  in  Feb- 
ruary 1926."'  In  the  main,  it  was  based  upon  the  reali- 
zation that  reserves  of  natural  gas  and  petroleum  are 
much  smaller  than  those  of  coal  and  that  the  functions 
of  heavy  fuel  oils  may  be  performed  by  coal.  In  present 
refining  processes  the  production  of  motor  fuel  by  crack- 
ing jjetroleum  fractions  as  light  as  gas-oil  and  even 
kerosene  results  in  the  production  of  some  heavy  oil." 
Some  oil  producers  have  favored  the  restriction  of  fuel 
oil  use  wherever  coal  is  available  and  suitable.  C.  B. 
Ames,  chairman  of  the  board  of  the  Texas  Corporation, 
has  stated  that  it  is  undesirable  for  oil  to  displace  coal 
where  coal  can  be  used  conveniently."^  Wallace  E. 
Pratt,  vice  president  of  Humble  Oil  and  Refining  Com- 
pany, has  pointed  out  that  there  are  less  efficient  uses  of 
oil  which  might  well  be  prohibited.'" 

It  is  difficult  to  define  accurately  an  inferior  or  less 
urgent  use  of  oil  and  gas.  Perhaps  a  good  indication 
is  given  by  the  price  of  the  product  in  comparison  with 
the  price  of  crude  petroleum  or,  in  the  case  of  natural 
gas.  the  prices  of  natural  gas  for  different  uses.  For 
example,  the  price  of  heavy  fuel  has  remained  below  the 


™  A.  E.  Sweeney,  Jr.,  "Application  of  Liquefied  Natural  Gas  to  Oil 
Di'velopment  and  Production,"  Oil  and  Gas  Journal,  December  16,  1937, 
pp.  44,  46. 

°"  "Not  even  half  of  our  present  production  of  crude  oil  is  required  to 
supply  our  national  petroleum  demands  for  recognized  superior 
uses.  *  *  *  The  products  thrown  into  inferior  uses  contain  at  least 
50  percent  of  an  easily  obtained  gasoline  and  other  superior  deriva- 
tives." Federal  Oil  Conservation  Board,  Report  I  to  the  President  of 
the  United  states,  p.  153. 

™  Of  the  310  million  barrels  of  viscous  fuel  oil  produced  in  1937,  prob- 
ably upwards  of  150  million  barnls  are  estimated  to  have  resulted  from 
the  cracking  of  light  oils  in  the  manufacture  of  gasoline.  Altogether, 
in  1937.  533  million  barrels  of  stock  were  run  through  cracking  stills. 
.Tohn  D.  Gill  and  E.  T.  Knight,  "What  Are  the  Uneconomic  I'ses  of  Petro- 
leum," A.  I.  M.  M.  E..  Pet.  Dev.  Tech.,  19SS,  pp.  282-284. 

'^Petroleum  Investirjation.  imi,  pp.  362,  363. 

■"  Op.  eit.,  pp.  2176-2179.  Mr.  Pratt  points  out  that  he  disapproves 
of  transporting  oil  into  water-power  districts  where  electric  power  is 
generated  from  water  power  at  reasonable  cost. 
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price  of  crude  since  1920."  Wlienever  a  product  sells 
for  less  tlian  the  material  from  which  it  is  made,  one 
safely  can  conclude  that  it  is  a  byproduct  and  that  its 
use  is  less  urgent  in  comparison  with  those  of  the  more 
valuable  products.  With  respect  to  natural  gas,  it  is 
clearly  more  eflfective  utilization  to  expand  domestic  and 
commercial  uses  and  restrict  industrial  uses.  In  1937, 
for  example,  the  domestic  and  commercial  users  paid 
over  six  times  more,  on  the  average,  for  natural  gas 
than  did  the  industrial  users.'-  Although  part  of  this 
difference  results  from  differences  in  distribution  costs, 
the  main  cause  is  willingness  of  domestic  and  commer- 
cial users  to  pay  more.  It  might  be  better  use  of  gas 
reserves  to  restrict  production  to  those  uses  which  can 
pay  higher  prices.  Very  likely  many  of  the  industries 
would  continue  to  use  natural  gas  even  at  a  marked  in- 
crease in  price.  The  social  values  of  a  product  are  not 
necessarily  indicated  by  price.  For  example,  the  use 
of  heavy  fuel  oil  by  passenger  ships  and  by  the  Navy 
probably  would  continue  even  under  price  increases,  and 
carbon  black  would  probably  still  be  produced,  in  the 
main,  from  natural  gas  at  double  the  present  cost. 

On  the  other  hand,  it  may  not  be  desirable  to  force 
refineries  to  increase  very  much  the  yield  of  gasoline 
from  crude.  Investments  in  cracking  plants  would  rise, 
and  the  price  of  gasoline  also  might  increase.  More- 
over, it  is  possible  that  the  Diesel  motor  will  be  perfected 
and  make  unnecessary  much  of  the  investment  in  crack- 
ing equipment.  A  more  intelligent  effort  might  be  to 
subsidize  the  development  of  the  Diesel  motor  rather 
than  to  require  a  higher  percentage  output  of  gasoline. 

The  problem  of  restricting  less  urgent  uses  may  be 
stated  in  terms  of  the  desirability  of  using  coal  for  the 
cheaper  requirements  and  therefore  of  restricting  fuel- 
oil  sales.  As  a  result,  the  price  of  gasoline  and  lighter 
oils  might  be  increased.  Limitation  of  fuel-oil  sales 
means  the  restriction  of  present  use  and  the  saving  of 
crude  reserves  for  future  use.  Oil  producers  argue  that 
this  is  undesir.able  because  there  are  no  "uneconomic" 
uses  of  petroleum,"  and  that  true  conservation  would 


^  In  prosperity  yoars  avorasre  residual  fuel  oil  prices  have  been  a  little 
more  than  halt  the  price  of  crude  petroleum  from  which  they  were  pro- 
duced. In  1933,  however,  fuel-oil  prices  rose  to  about  75  percent  of  the 
price  of  crude.  Statistical  Abstract  of  the  United  States,  19S7,  p.  732, 
table  764.  The  prices  in  this  table  are  weighted  average  prices  com- 
piled by  Joseph  E.  ToRue. 

''  Minerals  Yearbook,  19SS,  p.  908. 

"  "The  resource  is  being  employed  as  effectively  as  society  bulwarked 
by  a  highly  developed  technology  can  feasibly  employ  it,"  Gill  and 
Knight,  op.  eit.,  p.  285.  Mr.  J.  Howard  Pew.  president  of  the  Sun  Oil 
Company,  implies  that  it  Is  no  more  an  inferior  u,se  to  burn  fuel  oil 
under  a  boiler  than  it  is  for  people  to  use  g:isollne  in  Jny  riding.  He 
also  denies  that  there  are  inferior  uses  for  petroleum.  Petroleum  Inves- 
tigation, l9Si,  p.  383.  Mr.  W.  S.  Farish,  chairman  of  the  board  (now 
president)  of  Standard  Oil  Company  of  New  Jersey,  stated  in  1934  that 
although  the  most  essential  u.ses  of  oil  were  gasoline  and  lubricants  and 
that  it  might  be  said  that  any  other  employment  was  Inferior  use, 
nevertheless  there  wore  no  inferior  uses  in  the  sense  that  they  should  be 
prohibited:  ihid..  p.  674. 


1934 


1935 


1936  1937 

U.  S.  Bureau  of  Minca 
Minerals  Yearbook,  I'JSS 

FiouiiE  26. — Yields  of  Principal  Petroleum  Products  from  Crude  Oil  Run 
to  Stills,  1934-37,  by  Months. 

permit  the  usage  of  resources  in  accordance  with  the 
best  information  of  the  time. 

In  the  refining  process  there  is  already  a  considerable 
latitude  in  the  relative  amounts  of  gasoline,  kerosene, 
fuel  oil,  and  other  products  which  may  be  produced. 
For  example,  in  representative  refineries  on  the  Texas 
Gulf  coast  the  gasoline  fraction  varies  from  40  to  62 
l)ercent,  the  kerosene  fraction  from  0  to  18  percent  and 
the  lighter  fuel  oils  from  2  (o  30  percent.'^  The  actual 
percentages  of  each  product  produced  depend  on  the 
relative  demands  for  these  products  at  different  times  of 
the  year,  as  reflected  in  their  net  prices  at  the  refineries. 
Over  the  past  few  years  the  trend  in  the  yields  of  the 
group  comprising  gas,  oil,  other  distillate  fuels,  and 
kerosene  has  been  definitely  upward.  There  also  has 
been  a  slight  upward  trend  in  the  yields  of  gasoline. 
On  the  otlier  hand,  the  relative  amounts  of  residual 
fuel  and  all  other  petroleum  products  have  been  down- 
ward (fig.  26)."  These  trends  do  not  indicate  what 
might  be  done  in  restricting  production  to  the  so-called 
superior  products  (chapter  4) .  They  only  indicate  what 
the  recent  practice  has  been.  In  some  years  the  yield  of 
gasoline  probably  has  been  restricted  by  the  strong  de- 
mand for  heating  oil.'"'  These  oils,  however,  apparently 
pay  their  own  way,  although  the  bulk  of  refinery  income 


"'  George  Weber,  "Heating  Oil  Demands  Widen  the  Range  of  Modern 
Cracking  Operations,"  Oil  and  Oas  Journal,  August  4,  1938,  pp.  48,  50. 
''"Minerals  Yearbook,  1938,  p.  858. 
■"  Minerals  Yearbook,  l'.>31,  p.   1024. 
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is  still  from  gasoline  sales.  The  seasonal  peak  demands 
for  gasoline  and  heating  oils  roughly  complement  one 
another  and,  at  least  in  winter  seasons,  heating  oils  may 
be  considered  in  some  respects  as  a  superior  use  of 
crude."  Technical  changes  in  the  refinery  division  of 
the  industry  are  in  the  direction  of  increased  control 
over  the  relative  amounts  of  individual  petroleum  prod- 
ucts which  may  be  produced.  The  Houdry  process,  de- 
veloped by  the  Sun  Oil  Company  and  the  Socony  Vac- 
uum Company,  permits  wider  variations  in  production 
as  well  as  more  effective  control.'* 

Effects  of  Waste 

Insofar  as  oil  and  gas  are  wasted  in  production  or  in 
use,  the  life  of  reserves  is  decreased.  At  the  present 
time,  waste  is  relatively  less  important  for  natural  gas 
than  for  crude  oil.  The  waste  of  these  mineral  re- 
sources means  that  the  period  of  price  increases  will 
arrive  sooner.  Price  increases  may  not  appear  for  sev- 
eral years,  but  when  they  do,  they  probably  will  come 
rapidly.  Prices  will  remain  low  as  long  as  the  industry 
is  operated  on  a  basis  of  flush  production  of  new  fields, 
even  though  modified  by  proration.  INIoreover,  the  con- 
tinued wastes  of  oil  and  gas  appear  certain  to  increase 
the  experiments  with  substitute  fuels.  As  soon  as  the 
price  margin  between  oil  and  gas  products  and  substi- 
tutes is  narrowed  sufficiently,  demands  are  likely  to  ap- 
pear for  the  mixing,  for  example,  of  gasoline  with  its 
substitutes.  This  would  be  an  expensive  process  and 
perhaps  wasteful.  One  of  the  most  direct  effects  of 
waste  has  been  the  loss  of  employment  in  oil-  and  gas- 
producing  districts.  It  has  been  estimated,  for  example, 
that  losses  of  gas  in  the  Drumright  field,  Oklahoma, 
would  have  maintained  a  considerable  industrial  activ- 
ity in  that  district  and  would  have  made  possible  the 
more  orderly  operation  of  well  production,  so  that  after 
a  period  of  5  years  a  considerable  percentage  of  the 
people  would  not  have  had  to  move  to  other  oil-produc- 
ing territory."  Where  oil  and  gas  resources  are  rapidly 
wasted,  local  citizens  lose  both  their  means  of  livelihood 
and  a  large  share  of  their  investments  in  properties. 
Moreover,  the  oil-producing  States  lose  valuable  sources 
of  revenue. 

If  oil  and  gas  are  not  resei'ved  for  their  more  prudent 
uses,  domestic  and  commercial  consumei-s  may  soon  suf- 
fer both  rising  prices  and  gi-eater  inconvenience.  Sub- 
stitutes which  are  likely  to  be  developed  may  be  less 
effective,  and  favorably  located  cities  which  could  have 


been  heated  with  clean  natural  gas  may  have  to  return 
to  the  use  of  less  desirable  coal.*° 

Trend  of  Conservation  Practices 

Major  Achievements  in  Conservation 

With  respect  to  petroleum,  the  major  gams  in  con- 
servation in  recent  years  have  resulted  from  a  gi'eater 
recovery  of  underground  reserves  by  the  use  of  more 
efficient  methods  and  equipment  and  the  production  of 
a  larger  percentage  of  the  more  valuable  refined  prod- 
ucts from,  the  crude.  With  respect  to  natural  gas,  con- 
servation has  been  effected  by  the  construction  of  trans- 
portation facilities  to  marketing  areas  or  by  the  return 
of  unmarketable  quantities  of  gas  to  the  undergi'ound 
reservoir. 

Within  the  last  two  or  three  decades  the  relative  re- 
covery of  crude  oil  has  been  greatly  increased  and  per- 
haps, on  the  average,  has  doubled.  It  has  been  esti- 
mated that,  whereas  in  1917  the  recovery  in  Pennsyl- 
vania fields  amounted  to  only  10  to  20  percent  of  the 
underground  oil,*^  the  present  recovery  by  natural  pro- 
duction amounts  to  rouglily  20  percent,  and  that  an 
additional  fifth  of  the  reserve  can  be  obtained  by  re- 
pressuring  methods.*-  For  the  United  States  it  has 
been  estimated  that  operating  practices  until  about  1925 
led  to  the  recovery  of  only  10  to  20  pei'cent  of  the  origi- 
nal oil  from  the  reservoir  sands.*^  On  the  other  hand, 
operating  methods  in  1934  were  estimated  to  recover 
from  20  to  35  percent  of  the  oil,  depending  largely  upon 
the  permeability  of  the  sand.**  ISIoreover,  it  was  esti- 
mated that,  by  general  adoption  of  most  efficient  meth- 
ods existing  about  that  time,  recovery  would  vary  from 
30  to  60  percent.*^  Secondary  recovery  methods,  such 
as  water  flooding  and  gas  injection,  can  lead  to  the  re- 
covery of  another  30  to  60  percent  of  the  oil  originally 
in  the  reservoir  sands.*"  Some  engineers  estimate  that 
recovery  from  a  given  pool  has  been  increased  from  20 


^  Weber,  loc-  cit. 

"'Journal  of  Commerce,  October  21.  1938.  p.  17;  Fortune,  February 
1939,  pp.  56  and  127  ;  Eugene  Houdry,  Wilbur  P.  Burt,  A.  E.  Pew,  Jr., 
W.  A.  Peters,  Jr.,  "The  Houdy  Process,"  Oil  and  Ctaa  Journal,  Novem- 
ber 24,  1938,  p.  40. 

™  Earl  Oliver,  "Present  Methods  Encourage  Waste,"  Oil  and  Oas 
Journal,  December  17,  1931,  p.  21. 


™  Ibid.  For  a  discussion  of  the  diversified  groups  which  have  interest 
in  the  conserving  of  oil.  see  R.  A.  Cattell  and  H.  C.  Fowler,  "Influence 
of  Petroleum  Technology  upon  Composite  Interest  in  Oil,"  Minerals 
Yearbook,  1035,  pp.  771-94. 

"  J.  O.  Lewis.  Methods  for  Increasing  the  Recovery  from  Oil  Sands, 
Bulletin  148.  U.  S.  Bureau  of  Mines.  1917.  p.  8  :  quoted  by  H.  C.  Miller 
and  Ben  E.  Lindsly.  Petroleum  Investigation,  lOSi,  p.  1218. 

'-  Testimony  of  George  H.  Ashley,  State  Geologist  of  Pennsylvania, 
Petroleum  Investigation,  19Si,  pp.  593-598. 

"  statement  of  Harold  C.  Miller,  Senior  Petroleum  Engineer,  U.  S. 
Bureau  of  Mines.  San  Francisco.  Petroleum  Investigation,  WSi,  p.  39, 

«'  Ibid. ;  on  the  other  hand.  Hale  B.  Sojster,  of  the  U.  S.  Geological 
Survey,  estimated  that  recovery  in  1934  varied  between  25  and  35  per- 
cent. Petroleum  Investigation,  J93i,  p.  17,  and  Lester  C.  Uren,  of  the 
University  of  California,  has  recently  stated  that  recovery  usually  varies 
from  10  to  25  percent,  Science  of  Petroleum,  I,  541. 

*=  This  assumes  that  oil  would  be  produced  with  dissolved  gas  only 
and  that  the  gas  pressure  in  the  top  of  the  reservoir  sand  would  be 
maintained  and  further  that  the  water-drive  would  be  maintained  inso- 
far as  possible.     Miller,  op.  cit.,  pp.  39—10. 

"Miller,  op.  cit.,  p.  40. 
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percent  to  possibly  80  percent.*'  Even  without  a  con- 
sideration of  secondary  methods,  tlie  relative  recovery 
of  crude  oil  has  apparently  rouglily  doubled.  If  the 
methods  of  crude  production  had  not  improved  in  the 
last  few  decades,  the  obtaining  of  the  I14  billion  barrels 
of  crude  petroleum  in  1937  would  have  required  that 
the  recoverable  proportion  of  the  proven  reser^'e  be  ex- 
hausted twice  as  rapidly  or,  on  the  other  hand,  that 
operations  be  carried  out  on  twice  as  large  a  proven 
reserve.  Thus  the  improvement  in  recovery  metliods 
has  led  to  conservation  of  the  crude-oil  reserves,  which 
gain  in  1937  alone  was  more  than  a  billion  barrels. 

In  the  refining  branch  of  the  industry  the  cracking 
process  alone  saved  approximately  another  114  billion 
barrels  of  oil  in  1937,  or  as  a  result  of  that  process  one 
can  say  the  consumption  of  crude  was  more  than  cut  in 
half  (fig.  11).*'  Also,  had  it  not  been  for  the  cracking 
process,  the  industry  might  have  had  to  produce  an 
even  larger  extra  volume  of  crude  oil  in  order  to  have 
obtained  those  grades  of  crude  adequate  to  supply  the 
required  volume  of  gasoline  which  could  be  obtained 
by  straight-run  production.  In  the  refining  process  it- 
self, losses  of  cioide  oil  were  cut  from  4.3  percent  in 
1920  to  0.8  percent  in  1937.*» 

On  the  other  hand,  with  respect  to  use  of  fuels  there 
has  been  a  decrease  in  conservation  and  prudent  utili- 
zation in  that  the  higher  gi-ade  and  scarcer  fuels — oil 
and  gas — have  taken  over  some  of  the  markets  for  the 
more  abundant  supplies  of  energy — coal  and  water 
power. 

Beginnings  of  Conservation 

The  earliest  efforts  at  conservation  are  found  in 
State  laws.  Pennsylvania  in  1878  and  New  York  in 
1879  passed  laws  requiring  the  plugging  of  wells  so  as 
to  shut  off  fresh  water  from  oil-bearing  rocks.  In  1883 
Ohio  passed  a  law  requiring  the  casing  of  wells  so  as  to 
prevent  fresh  water  from  penetrating  the  oil  sand; 
Kansas  passed  a  similar  law  in  1891.  A  law  providing 
that  neither  oil  nor  gas  be  permitted  to  flow  or  escape 
into  the  air  for  a  period  longer  than  2  days  was  passed 
by  Indiana  in  1893. 

One  of  the  first  cases  in  which  national  thought  was 
drawn  to  waste  in  the  oil  and  gas  industry  was  in  the 
report  of  the  United  States  Geological  Survey  on  con- 
servation of  resources,  published  in  1909.°°    This  report 


^  Victor  H.  Scales.  American  Petroleum  Institute.  "Oil  Industry 
Forges  Ahead."  A'cw  York  Times,  Sunday,  November  13,  1938,  Section 
11.  p.  7. 

"  If  this  process  had  not  developed,  the  1937  volume  of  gasoline  would 
have  required  the  production  of  another  l\.'i  billion  barrels  of  crude  oil. 
The  crude  oil  conserved  by  cracking  rose  from  13  percent  in  1920  to  52 
pecent  in  1937,  these  percentages  being  the  ratios  of  cracked  gasoline 
to  total  gasoline  produced.  Minerals  Yearbook,  19S8,  pp.  860  and  868; 
Petroleum  Facts  and  Figures,  1DS7,  pp.  107-18. 

"Minerals  Yearbook,  IDSS,  p.  862. 

»"  Bulletin  No.  S9',,  reprinted  from  report  of  National  Conserratlon 
Commission. 


estimated  the  loss  of  gas  at  1  billion  cubic  feet  per  day 
(mainly  from  oil  fields).  Little  was  known  then  of 
the  effect  of  the  loss  of  this  gas  on  the  recovery  of 
crude  oil.  In  1913  the  American  Institute  of  Mining 
and  Metallurgical  Engineers  created  a  petroleum  com- 
mittee to  study  the  efficiency  of  production  methods. 
Attention  of  trained  engineers  also  was  directed  to  the 
oil  industry  by  the  development  in  several  universities 
of  courses  in  petroleum  geology  and  petroleum  engi- 
neering. 

In  1913  a  method  for  recovering  additional  crude  was 
developed  by  I.  L.  Dunn,  according  to  which  gas  or  air 
was  injected  into  the  oil  sand."'  By  1916  engineers 
were  beginning  to  realize  that  natural  gas  associated 
with  oil  provided  the  energy  for  expelling  oil  from  the 
reservoir.  Within  a  few  years  it  became  clear  that 
crude  oil  could  be  effectively  conserved  by  restricting 
the  production  of  gas  so  that  the  gas-oil  ratio  was  at 
a  minimum. 

Methods  for  displacing  oil  from  sand  by  the  use  of 
water  were  discovered  accidentally  about  1900  and 
were  extensively  adopted  after  the  benefits  of  this  field 
practice  were  appreciated.  In  1917  J.  O.  Lewis  dis- 
cussed the  recovery  of  oil  by  water-flooding."-  Flood- 
ing was  legalized  in  New  York  in  1919  and  in  Penn- 
sylvania  in  1921. 

A  great  interest  in  conservation  developed  after  1915 
following  the  rapid  decline  of  flush  production  in  the 
Gushing  field.  During  the  next  4  years  the  country  saw 
one  of  its  most  prolonged  shortages;  domestic  stocks 
decreased  steadily  during  this  period,  especially  after 
the  United  States  entered  the  World  War.  Moreover, 
after  1919  domestic  production  continued  to  lag  behind 
consumption,  and  apprehension  over  the  adequacy  of 
future  supplies  continued.  Attention  was  turned,  how- 
ever, to  the  possibility  of  expanding  the  substantial 
imports  from  Mexico  and  other  foreign  fields  rather 
than  to  conservation. 

Aside  from  the  acquisition  of  Naval  oil  reserves  and 
the  creation  and  activities  of  the  United  States  Geo- 
logical Survey  and  the  National  Conservation  Commis- 
sion of  1908,"*  the  first  formal  interest  of  the  Federal 
Government  in  the  conservation  of  oil  and  gas  probably 
was  the  creation  (on  December  19,  1924,  by  President 
Coolidge)  of  the  Federal  Oil  Conservation  Board,  con- 
sisting of  the  Secretaries  of  War,  Navy,  Interior,  and 
Commerce,  to  consider  the  responsibility  of  the  National 
Government  in  relation  to  "the  problem  of  a  future 
shortage  in  fuel  and  lubricating  oil,  not  to  mention  gas- 


"»  H.  S.  Gibson.  The  Science  of  Petroleum,  I.  535. 

"J.  O.  tewis.  Methods  for  Increasing  the  Recovery  from  Oil  Lands, 
Bulletin  148.  1917. 

°'F.  G.  Tryon,  "Conservation,"  Encyclopedia  of  the  Social  Sciences, 
vol.  IV.  p.  227 ;  United  States  Geological  Survey,  Papers  on  the  Con- 
serratlon of  Mineral  Resources,  Bulletin  394,  Washington,  1909. 
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oline."  "^  Moreover,  President  Coolidge  stated  that  "'it  is 
evident  that  the  present  methods  of  capturing  our  oil 
deposits  is  wasteful  to  an  alarming  degi-ee  in  that  it 
becomes  impossible  to  conserve  oil  in  the  ground  under 
present  leasing  and  royalty  practices  if  a  neighboring 
owner  or  lessee  desires  to  gain  possession  of  his  depos- 
its." °=  The  Oil  Conservation  Board  proposed  many 
changes  in  production  procedure  with  the  aim  of  fur- 
thering conservation.  Moreover,  a  committee  of  the 
Board,  including  representatives  of  the  petroleum  in- 
dustry and  the  American  Bar  Association,  drew  up  a 
conservation  measure  which  provided  for  the  relief  of 
oil  operators  from  the  provisions  of  the  Federal  Anti- 
trust Acts  and  for  the  legalizing  of  cooperative  unit 
development  in  operation  of  oil  and  gas  pools.'"= 

Influences  Stimulating  Conservation 

Research  and  technical  progress. — The  efficiency  of 
producing  crude  oil  and  natural  gas  and  their  refined 
products  is  steadily  increasing,  both  as  a  result  of  the 
adoption  of  the  best  current  practice  and  as  a  result  of 
the  continued  improvement  of  methods  and  equipment. 
Because  of  the  rapid  growth  of  the  oil  and  gas  industry 
and  the  accompanying  creation  of  wealth,  the  leading 
firms  have  been  able  to  devote  considerable  attention 
and  research  to  production  procedures.  JNIoreover,  be- 
cause of  the  interest  of  the  Government  in  conservation 
of  an  irreplaceable  natural  resource  and  because  of  the 
fear  of  a  shortage,  the  Federal  and  State  Governments, 
through  various  agencies,  have  turned  their  attention  to 
solving  outstanding  problems  in  production,  refining, 
and  distribution.  Notable  in  this  connection  have  been 
the  contributions  of  the  United  States  Bureau  of  Mines, 
both  in  developing  new  tecluiiques  and  in  increasing  the 
efficiency  of  old  ones.  The  widespread  adoption  of 
improved  methods  of  operation  has  facilitated  an  in- 
crease in  the  efficiency  of  producing  crude  oil  and  nat- 
ural gas,  especially  in  those  instances  where  a  pool  or  a 
comparatively  large  area  has  been  controlled  by  one  or 
a  very  few  operators. 

One  of  the  most  notable  examples  of  efficient  opera- 
tion is  the  pressure  maintenance  project  in  the  Sugar- 
land  field  in  Texas."  In  the  Cabin  Creek  field  in  West 
Virginia  maximum  recovery  and  minimum  cost  of  pro- 
duction were  attained  through  the  economic  spacing  of 
wells  and  through  operating  individual  wells  in  the 
most  efficient  manner.  This  field  was  operated  as  a  imit 
by  the  single  controlling  company  with  the  aim  of 


»<  Federal  Oil  Conservation  Board,  Report  I  to  the  President  of  the 
United  States,  pt.  1,  September  1926,  pp.  1-2. 

"■Ibid. 

''Report  III  to  the  President  of  the  United  States,  1929,  pp.  4,  26—19. 

"This  entire  field  was  controlled  by  a  single  operator.  The  oil  was 
produced  with  a  minimum  of  gas  and  most  of  the  gas  was  returned 
to  the  reservoir.  S.  F.  Shaw,  "Oil  Field  Eepressuring,"  The  Science  of 
Petroleum,  I,  577. 


prolonging  the  life  of  the  reserve  as  much  as  possible, 
so  that  it  could  supply  oil  to  the  corporation's  nearby 
refineries.^* 

In  addition  to  lowering  production  costs  and  raising 
the  relative  recovery,  technical  progress  has  led  to  a 
more  rational  utilization  of  oil  and  gas  supplies  by 
means  of  developing  new  byproducts  and  of  increasing 
the  yield  of  the  more  valuable  products.  Chapter  3 
indicates  the  progi-ess  that  has  been  made  in  these  direc- 
tions. Similar  improvements  have  been  made  in  the 
transportation  systems. 

New  consuming  industries. — More  efi'ective  utiliza- 
tion of  oil  and  gas  and  hence  the  reservation  of  sup- 
plies for  more  important  uses  have  occurred  as  a  result 
of  the  development  of  new  uses  for  petrolemn  products. 
More  effective  utilization,  for  example,  has  resulted 
from  the  recent  practice  of  heating  homes  and  other 
buildings  by  using  light  fuel  oils.  These  oils,  for  the 
most  part,  have  been  produced  from  the  heavier  and 
less  valuable  fractions  of  the  crude.  Moreover,  the 
production  of  these  lighter  heating  oils  has  helped  to 
stabilize  the  oil  industry  in  that  it  has  decreased  sea- 
sonal fluctuations  in  the  industry. 

Competition  from  other  fuels. — Teclmical  improve- 
ments in  the  burning  of  coal  and  in  the  use  of  electricity 
no  doubt  have  led  to  comparable  improvements  in  the 
consumption  of  oil  and  gas,  and  hence  have  had  some 
influence  in  stimulating  conservation.  This  problem 
was  discussed  in  chapter  4. 

Present  State  system  of  proration. — ^Although  the 
various  State  systems  of  restricting  production  in  flush 
pools  were  developed  primarily  for  stabilization  pur- 
poses, in  many  instances  they  have  made  a  considerable 
contribution  toward  conservation.  Much  depends  on 
the  way  in  which  the  system  operates.  If  the  well 
allowables  are  based  simply  on  a  constant  amount  per 
well,  production  restriction  may  lead  to  further  drilling 
and  thus  to  waste  of  the  reserve  rather  than  to  conser- 
vation. On  the  other  hand,  if  the  allowables  are  based 
upon  some  acreage  factor  or  upon  estimated  imder- 
ground  content,  proration  possibly  may  restrict  drill- 
ing and  increase  relative  recovery.  ISIuch  depends 
upon  the  nature  of  the  underground  reservoir  and  the 
most  scientific  rate  of  flow.  Proration  laws  may  be 
accompanied  by  other  regulations,  such  as  those  relat- 
ing to  well  spacing,  drilling  procedure,  methods  of  cas- 
ing and  cementing,  water-oil  ratios,  and  oil-gas  ratios. 
Seldom  are  all  these  items  regulated  in  any  one  field. 
But  the  time  has  arrived  when  all  these  matters  which 


«  This  field  has  been  characterized  by  high  recovery  at  low  costs.  The 
production  curve  has  borne  little  resemblance  to  the  ordinary  decline 
curves  of  other  fields.  Indeed,  the  production  in  1925  was  approxi- 
mately the  same  as  in  1917.  Federal  Oil  Conservation  Board,  Report  I 
to  the  President  of  the  United  States,  p.  17. 
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relate  to  the  saving  of  the  lesei've  should  be  included 
in  regulator}-  practice. 

Moreover,  the  increase  in  price  of  crude  oil  which  may 
result  from  the  restriction  of  production  is  likely  to 
facilitate  conservation.  There  is  likely  to  be  less  waste 
and  better  recovery  if  crude  oil  prices  are  at  the  level  of 
$1  a  barrel  rather  than  at  the  level  of  10  cents  a  barrel. 
Observance  of  State  regulations  concerning  production 
procedures  is  likely  to  be  greater  when  prices  are  at  the 
higher  level. 

Cooperative  production  arrangements. — Important 
achievements  in  conservation  of  reservoir  energy'  have 
been  made  by  cooperation  among  operators  in  develop- 
ing fields  as  a  unit.  Principal  operators,  sometimes 
after  negotiation  with  the  landownerj;,  define  the  field 
carefully  and  then  restrict  production  to  those  points 
at  which  oil  can  be  produced  with  lowest  gas-oil  ratios 
(chapter  3).  This  plan  of  operation  eliminates  un- 
necessary offset  drilling,  saves  the  gas  pressure  at  the 
crest  of  the  structure  and  the  water  pressure  in  the 
lower  parts  of  the  structure,  and,  if  the  lease  interests 
are  pooled,  may  considerably  simplify  royalty  accoiuit- 
ing.  Moreover,  noncompetitive  control  of  a  field  will 
allow  restriction  of  production  and  a  saving  in  storage 
requirements  if  the  pool  happens  to  be  discovered  dur- 
ing a  period  of  business  depression.'^  Voluntary  unit 
operation  of  the  Ventura  Avenue  field  in  California  re- 
sulted in  the  closing  down  of  wells  producing  mainly 
gas,  which  was  being  blown  into  the  air,  without  seri- 
ously i-educing  production.  As  a  result  both  the  natural 
gas  and  the  reservoir  energj-  of  the  pool  were  conserved.^ 
One  of  the  greatest  gains  of  voluntary  unit  operation 
has  been  in  the  maintenance  of  reservoir  pressure 
throughout  a  field.  For  example,  in  the  W.  I.  Cook  pool 
in  Shackelford  County,  west  central  Texas,  a  pressure 
maintenance  scheme  has  been  in  operation  for  10  years, 
and  it  is  estimated  that  the  i-ecovery  of  oil  from  the 
pool  will  be  nearly  three  times  what  it  would  have  been 
under  usual  operating  conditions.^ 


•^  An  intPrestlns  contrast  rises  between  the  competitive  devolnpmont 
of  the  Worthnm  field  In  T"xas,  in  which  a  large  percentage  of  the  pro- 
duction was  made  ininiediately  and  during  a  period  of  depressed  prices, 
and,  on  the  other  hand,  the  cooperative  development  of  the  Rainliow 
Bend  field  in  Kansas  and  the  resulting  slow,  even  production  of  crude, 
which  did  not  reach  a  peak  until  the  price  of  crude  was  at  its  best. 
Federal  Oil  Conservation  Board,  op.  cit.,  pp.  17-1*^.  Other  instructive 
examples  of  cooperative  development  are  the  operation  of  the  Wellington 
Home  field  In  Colorado  under  the  leadership  of  the  Union  Oil  Company 
of  CalifDrnia  and  the  development  of  the  Dominguez  Hills  field  in  south- 
ern California.  Fay  L.  Wright,  "Some  Economic  Aspects  of  the  Commu- 
nity Oil  Lease,"  A.  I.  M.  M.  E.,  Pet.  Dev.  Tech.,  w;5,  pp.  7C9-778. 

'  J.  P.  Umpleby.  'Troduction  Engineering  in  1927,"  A.  I.  M.  M.  E., 
Pet.  Dev.  Tech.,  1928,  p.  20.  This  pool  indicated  that  maximum  efficiency 
may  be  represented  in  different  parts  of  the  same  pool  by  widely  differ- 
ent gas-oil  ratios. 

2  Mitchell  Tucker,  "Cook  Field  Exemplifies  Value  of  Pressure  Mainte- 
nance," Oil  and  Oa.t  .Journal.  January  27,  1938.  pp.  17G  and  178.  An- 
other example  of  pressure  maintenance  under  a  voluntary  plan  is  that 
of  the  Keokuk  pool  in  Oklahoma,  where  a  20acre  well-spacing  system 
•was  adopted.      Oil  and  Gas  Journal,  March   17.   1938.   pp.  46  and  74. 


Voluntary  unit  operation  also  has  been  used  for  re- 
pressuring  oil  pools.  Among  several  such  projects  car- 
ried on  in  northeastern  Olclahoma,  that  in  the  North 
Avant  area  in  Osage  County  is  one  of  the  outsUmding. 
In  order  to  encourage  the  three  oil  companies  in  under- 
taking this  project,  the  Osage  tribe  voluntarily  r-educed 
the  ro3alty  rate  for  a  short  period.  Such  projects  are 
simplified  in  that  district  because  the  royalty  interests 
already  are  pooled  among  the  various  members  of  the 
tribe.^  Unitization  projects  also  have  been  successfully 
carried  out  by  cooperation  among  producers  operating 
in  natural-gas  fields.'' 

Inadequacy  of  these  influences. — Although  the  above 
influences,  as  well  as  some  others,  have  contributed 
toward  the  conservation  and  effective  use  of  oil  and 
gas  resources,  they  are  cleai-ly  inadequate.  To  a  con- 
siderable extent  the  oil  and  gas  industiy  is  not  organ- 
ized to  take  full  advantage  of  the  gi-eat  improvements 
in  methods  and  equipment  which  have  been  develojwd. 
The  present  highly  competitive  nature  of  drilling  oper- 
ations greatly  restricts  the  adoption  of  techniques,  such 
as  unit  operation,  which  furnish  an  opportunity  for  the 
full  use  of  engineering  abilities.  On  the  other  hand, 
the  contributions  of  proration  to  conservation  have  been 
sporadic.  If  accompanied  by  well-spacing  provisions, 
jn'oration  may  be  a  conservation  measure.  Even  in 
East  Texas  it  finally  provided  a  means  of  conserving 
reservoir  energy.  In  other  areas  proration  has  been  the 
constant  enemy  of  conservation;  the  Oklahoma  City 
field  is  an  example.  A  volmitary  system  of  production 
can  be  adopted  only  in  comparatively  rare  instances, 
where  an  entire  ])ool  is  under  the  ownership  or  lease 
control  of  a  very  few  companies.  These  considerations 
indicate  why  the  waste  in  oil  and  gas  production  is  still 
a  paramount  problem  for  Government  action. 

Conservation  vs.  Stabilization 

It  is  wise  to  point  out  again  that  conservation  is 
directed  toward  better  economy  through  the  introduc- 
tion of  superior  efficiency,  whereas  stabilization  is  an 
attempt  to  improve  the  profitableness  of  an  industry, 
regardless  of  any  changes  in  efficiency.'  ]\Iuch  that  has 
been  done  in  the  oil  and  gas  industry  in  the  name  of 
conservation  is  really  stabilization.  In  times  of  a  short- 
age of  domestic  production  the  rise  of  a  conservation 
movement  is  probably  intended  to  increase  the  relative 
recovery  and  the  efficiency  of  use  of  our  oil  and  gas 
resources.     On  the  other  hand,  pleas  for  conservation 


"In  the  South  Kurbank  district  unitization  with  respect  to  repressur- 
ing  was  undertaken  much  earlier  in  the  production  life  of  the  pool. 
H.  E.  Rorschach  and  E.  G.  Dahlgren,  "Petroleum  Development  In  Okla- 
homa In   1926,"  A.  I.  M.  M.  E.,  Pet.  Dev.  Tech.,  1937,  pp.   440,  441, 

*  Neil  Williams,  "Conservation  and  Unitization  of  Gas,"  Oil  and  Qat 
Journal,  May  19,  1938,  p.  38. 

'  Watkins.  op.  ctt.,  p.  35. 
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which  are  made  by  the  industi'y  during  a  period  of 
excess  production  and  of  low  prices  probably  are  in- 
tended mainly  for  the  purpose  of  obtaining  some  kind 
of  a  system  of  production  restriction.  Thus,  the  inter- 
est in  conservation  in  1931  and  1932  was  really  a  part 
of  the  campaign  for  stabilization  measures.  There 
were,  of  course,  flagi-ant  wastes  in  the  industry,  and 
many  public  officials  who  joined  in  the  support  of  pro- 
ration plans  saw  a  possible  opportunity  to  reduce  these 
wastes.  Yet,  for  the  most  part,  the  proposals  for  unit 
operation  of  oil  and  gas  fields  were  made  primarily  for 
the  purpose  of  solving  the  problem  of  instability  in  the 
industry.'^  The  same  applies  to  much  of  the  legislation 
relating  to  conservation  of  oil  and  gas,  passed  by  the 
States  during  the  1930's.  Amos  L.  Beaty,  former 
president  of  the  American  Petroleum  Institute,  testi- 
fied in  the  Federal  oil  inquiry  in  1934,  that  stabili- 
zation was  the  primary  aim  of  the  oil  companies  in 
proposing  Federal  quota  restrictions  on  the  production 
of  oil  and  gas.^ 

Watkins  and  Kemnitzer  are  no  doubt  correct  in 
emphasizing  that  proration  is  not  primarily  a  system 
of  conservation  of  resources  and  that,  indeed,  it  may 
lead  to  waste.*  Clearly  proration  will  bring  about  poor 
metliods  of  production  if  it  results  in  a  uniform  allow- 
able per  well,  regardless  of  the  nature  of  the  under- 


^  These  proposals,  however,  were  rejected  by  the  directors  of  the 
American  Petroleum  Institute,  partly  on  the  grounds  that  unit  opera- 
tion would  result  in  an  increase  rather  than  a  restriction  of  production. 
LeRoy  H.  Hines.  Some  Aspects  of  Unit  Operation  of  Oil  and  Oas  Pools 
and  Fields,  U.  S.  Geological  Survey,  1934,  p.  7. 

''Petroleum  Investigation,  lask,  pp.  205-6. 

'Watkins.  op.  cit.,  pp.  34-37;  W.  J.  Kemnitzer,  Relirth  of  Monopoly, 
193S,  p.  118. 


gi'ound  reservoir.  Under  such  circumstances  the  rate 
of  production  for  some  wells  is  too  low  and  for  others 
too  high.  Monthly  jDroration  schedules  indicate  that 
present  State  proration  schemes  are  still  based  prima- 
rily upon  a  more  or  less  constant  allowable  per  well. 
Under  the  marginal  wells  acts  of  some  producing 
States,  the  regulatory  commissions  have  little  dis- 
cretion in  varying  the  allowables  according  to  engi- 
neering measurements  of  reservoir  conditions.  It  is 
incorrect,  however,  to  hold  that  proration  is  not  making 
contributions  to  conservation.  Low  uniform  allowables 
for  wells  in  flush  fields,  modified  somewhat  by  gas-oil 
ratio  regulations,  serve  the  purpose  of  conservation, 
though  not  necessarily  that  of  equitable  proration.  In 
many  fields  production  restriction  undoubtedly  has  led 
to  the  conservation  of  reservoir  energy  and  to  a  gi'eater 
relative  recovery  than  would  have  occurred  under  un- 
restricted, competitive  drilling  and  production  of  the 
field.''  It  has  also  led  to  the  reduction  of  storage  waste 
and  other  surface  losses.  Moreover,  there  have  been 
collected  many  valuable  data  on  the  behavior  of  pro- 
ducing wells — data  which  are  necessary  to  regulation 
aimed  at  conservation. 

Thoroughgoing  conservation  legislation,  however, 
would  begin  with  the  aim  of  setting  up  conditions  under 
which  the  most  efficient  systems  of  production  would  be 
adopted.  If  production  restriction  were  necessary,  it 
could  be  made  effective  under  such  conditions,  although 
it  might  lead  to  the  complete  shutting  down  of  a  field 
rather  than  to  its  operation  at  a  wastefully  low  rate. 


»  See  the  testimony  of  H.  C.  Miller  and  Ben  E.  Lindsly,  of  the  U.  S. 
Bureau  of  Mines,  Petroleum  Investigation,  193i,  p.  1305. 


CHAPTER  6.— PRIVATE  PROPERTY  RIGHTS  AND  PUBLIC  POLICY 


Freedom  of  Production — Rule  of  Capture 

The  oil  industry  developed  in  a  period  of  unre- 
stricted exploitation  under  the  "rule  of  capture."  This 
idea  of  ownership  originated  at  a  time  when  almost 
nothing  was  known  of  the  conditions  under  which  oil 
occurs.  It  is  known  now  that  oil  occurs  in  a  pool  in 
association  with  gas  or  water  or  with  both  of  these. 
The  oil  pool  represents  a  balance  of  gravitational  forces, 
gas  pressure,  and  water  pressure;  and  oil  will  remain 
in  place  as  long  as  the  equilibriiun  is  undisturbed.  The 
release  of  pressure  as  a  well  is  drilled  causes  these 
forces  to  propel  the  oil  to  the  surface.  Scientific  pro- 
duction would  endeavor  to  utilize  this  natural  energy 
as  efficiently  as  possible,  that  is,  at  a  rate  of  production 
based  on  the  characteristics  of  the  entire  geological  unit. 

Yet  oil  acreages  are  usually  divided  into  small  tracts, 
and,  because  of  the  "rule  of  capture,"  pools  are  ex- 
ploited under  a  vicious  competitive  scheme.     The  "rule 


of  capture"  was  established  by  Pennsylvania  courts, 
which  based  their  reasoning  on  the  erroneous  logic  in 
the  English  rule  of  peiTolating  waters.^  By  other  er- 
roneous analogies  to  wild  game  -  and  solid  minerals,* 
the  courts  have  established  the  ruling  that  oil  and  gas 
belong  to  the  owner  of  the  well  from  which  they  are 
produced,  regardless  of  whether  or  not  they  have  mi- 
grated from  a  neighbor's  land.* 


'For  the  English  rule  see  Acton  v.  BlundeU,  12  M.  &  W.  325  (1S43). 
For  the  extension  of  the  English  rule  into  the  American  law  see  Jones 
V.  Forest  Oil  Co.,  194  Pa.  St.  379,  44  Atl.  1074  (1900)  ;  -Williamson  v. 
Jones,  39  W.  Va.  231,  19  S.  E.  436,  25  L.  R.  A.  222  (1S94).  On 
this  general  subject  see  Northcutt  Ely,  Oil  Conservation  Through 
Interstate  Agreement ;  Ely,  "The  Conservation  of  Oil,"  51  Harvard 
Law  Review,  1209. 

^Westmoreland  rf  Camhria  Gas  Co.  v.  DeWitt,  130  Pa.  St.  35,  18  Atl. 
724,  5  L.  R.  A.  731   (1SS9). 

'Williamson  v.  Jones,  39  W.  Va.  231,  19  S.  B.  436,  25  L.  R.  A. 
222    (1894). 

•The  essential  Idea  in  the  "rule  of  capture"  is  well  expressed  by  the 
courts  in  Brown  v.  Spilman,  155  TJ.  S.  665,  15  Sup.  Ct.  275,  39  L.  Ed. 
304    (1895)  :    "Petroleum   gas   and   oil   are   substances   of   a   peculiar 
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Correlative  rights  in  an  underground  reservoir  are 
not  recognized  by  the  common  law.  Except  as  re- 
stricted by  State  legislation  each  owner  is  permitted  to 
drill  and  withdraw  oil  exactly  as  he  pleases,'^  with  no 
regard  whatsoever  for  the  most  efficient  development  of 
the  entire  pool.  If  a  landowner  should  produce  oil  from 
a  neighboring  land,  the  only  recourse  the  neighbor  has 
is  to  drill  an  oflPset  well.  Consequently,  when  a  new 
pool  is  discovered,  each  operator  races  to  drain  the  field 
before  the  oil  migrates  and  is  produced  through  a 
neighboring  well.  Competitive  production  results  in 
a  waste  of  the  oil,  since  no  operator  can  retard  his  pro- 
duction without  losing  to  a  neighbor  some  of  his  oil.'"' 
As  an  example  of  such  waste,  Miller  and  Lindsly  point 
to  the  Winkler  field  in  west  Texas,  which  was  brought 
into  production  in  1927 : 

The  "law  of  capture"  held  sway  in  the  field,  and  every  pro- 
ducer tried  to  produce  the  greatest  quantity  of  oil  in  the  short- 
est time.  Two  years  after  the  field  had  reached  its  daily  peak 
of  production  (367,000  barrels),  it  was  producing  only  40,000 
barrels  of  oil,  and  over  1  million  barrels  of  water  which  had  to 
be  disposed  [of]  at  considerable  expense. 

Although  tlie  field  has  produced  in  excess  of  160  million  bar- 
rels of  oil,  it  is  estimated  that  75  million  barrels  of  oil  will  be 
permanently  left  In  the  fields  through  hasty,  reckless,  and  ineflB- 
cient  production  methods,  which  allowed  water  to  enter  the  oil 
sands  prematurely  and  circumvent  large  areas  of  productive  oil 
sand."" 

The  situation  is  made  worse  by  the  division  of  a  pool 
into  many  small-tract  holdings.  The  more  diversified 
the  ownership  in  the  pool  the  greater  the  offset  drilling. 
Instead  of  spacing  being  decided  on  the  scientific  basis 
of  which  arrangement  would  most  efficiently  drain  the 
reservoir,  wells  are  drilled  near  boundary  lines  of  each 
holding  in  order  to  offset  dramage  by  an  adjoining  land- 
owner. Furthermore,  under  the  present  leasing  system 
there  is  a  separation  of  interests  between  the  owner  and 


character,  and  decisions  in  ordinary  cases  of  mining,  for  coal  and  other 
minerals  which  have  a  fixed  situs,  cannot  be  applied  to  contracts  con- 
cerning them  without  some  qualifications.  They  belong  to  the  owner 
of  the  land  and  are  part  of  It.  so  long  as  they  are  on  it  or  In  it,  or 
subject  to  his  control,  but  when  they  escape  and  go  into  other  land, 
or  come  under  another's  control,  the  titlo  of  the  former  owner  is  gone. 
If  an  adjoining  owner  drills  his  own  land  and  taps  a  deposit  of  oil  or 
gas.  extending  under  his  neighbor's  field,  so  that  it  comes  into  his  well. 
It  becomes  his  property." 

5  In  Barnard  v.  Monongahela  Natural  Gas  Co.,  210  Pa.  362,  65  Atl. 
801  (1907),  the  courts  have  said  :  "•  •  •  every  landowner  or  his 
lessee  may  locate  his  wells  wherever  he  pleases,  regardless  of  the 
interests  of  others.  He  may  distribute  them  over  the  whole  farm  or 
locate  them  only  on  one  part  of  it.  He  may  crowd  the  adjoining  farms 
so  as  to  enable  him  to  draw  the  oil  and  gas  from  them.  What  then 
can  the  neighbor  do?  Nothing;  only  go  and  do  likewise.  He  must 
protect  his  own  oil  and  gas.  He  knows  it  is  wild  and  will  run  away 
if  it  finds  an  opening  and  it  is  his  business  to  keep  it  at  home.  This 
may  not  be  the  best  rule :  but  neither  the  legislature  nor  our  highest 
court  has  given  us  any  better." 

^«  The  evil  effects  of  the  "rule  of  capture"  were  noted  as  early  as  1909. 
See  United  States  Geological  Survey.  Papers  on  the  Conservation  of 
Mineral  Resources,  Bulletin  394,  1909,  p.  44. 

'•"  H.  C.  Miller  and  Ben  E.  Lindsly.  U.  S.  Bureau  of  Mines,  Petroleum 
Investigation,  IMI.  Hearings  on  B.  Res.  Ut,  p.  1305. 


the  operator  of  the  same  tract.  In  practically  all  the 
leases  °  the  lessor's  rate  is  a  royalty  on  production,  and 
accordingly,  certain  express  and  implied  covenants  re- 
quiring production  and  limiting  the  lessee's  power  to 
leave  oil  in  the  gi'ound  become  enforceable  on  behalf 
of  the  lessor.  There  is  usually  an  implied  covenant  to 
drill  and  produce  from  offset  wells;  were  the  lessee 
desirous  of  following  a  scientific  pattern  of  well  spacing 
or  retarding  tlie  rate  of  production,  he  would  run  the 
risk  of  being  penalized  for  breach  of  the  covenant. 

The  "law  of  capture,"  the  patchwork  of  small,  scat- 
tered holdings,  and  the  leasing  system  all  force  oper- 
ators to  produce  at  as  rapid  a  rate  as  possible.  Accord- 
ingly the  reservoir  energy  in  new  pools  is  expended  at 
an  excessive  rate ;  a  large  volume  of  cheaply  produced 
oil  floods  the  market  and  depresses  prices.  In  ordinary 
industries  this  cheap  price  would  tend  to  cause  produc- 
tion to  fall  off;  but  in  the  oil  industry,  because  of  the 
"law  of  capture"  and  because  of  the  heavy  fixed  invest- 
ment in  equipment  that  cannot  otherwise  be  used,  pro- 
duction continues  at  any  price.  The  competitive  forces 
within  the  industry  do  not  satisfactorily  regulate  sup- 
ply and  demand.  In  the  early  thirties  after  production 
continued  to  exceed  demand  and  prices  fell,  the  indus- 
try began  to  call  for  outside  regulatory  assistance. 

State  Regulation 

Altliough  State  oil  laws  have  been  passed  and  sus- 
tained as  conservation  measures,  their  primary  purpose, 
by  and  large,  seems  to  have  been  stabilization  of  the  in- 
dustry. Before  overproduction  and  low  prices  became 
a  problem  in  the  oil  industry,  there  were,  however,  a  few 
State  laws  dealing  with  safety  measures,  prevention  of 
physical  waste,  and  filing  of  drilling  and  production 
records.' 


'  Judson  C.  Dlckerman,  "Organization  of  the  Troduction,  Transporta- 
tion, and  Distribution  of  Natural  and  Manufactured  Gas  in  the  United 
States  of  America,"  Third  World  Power  Conference,  sec.  II,  Paper 
No.  6,  Washington,  1936,  p.  12  ;  and  E.  DeGolyer  and  Others,  "Organi- 
zation of  Production,  Refining,  and  Distribution  of  Petroleum  and 
Petroleum  Products,"  pt.  I.  TMrd  World  Power  Conference,  sec.  II, 
Paper  No.  5,  Wa.shington,  1936,  p.  3. 

'  In  1878  I'ennsylvania  passed  the  first  legislative  enactment  designed 
to  regulate  development  of  gas  and  oil.  It  required  operators  to  plug 
wells  in  order  to  shut  off  water  from  the  oil-bcaring  rock  and  also  to 
prevent  the  escape  of  water  that  might  he  Impregnated  with  salt. 
New  York  passed  similar  legislation  in  1879.  Ohio  in  1883  passed  a 
law  requiring  the  operator,  before  drilling  into  oil-bearing  sand,  to  case 
the  well  so  as  to  prevent  fresh  water  from  penetrating  the  oil  sand. 
A  similar  law  was  passed  by  Kansas  three  years  later.  In  1891 
Indiana  passed  a  law  preventing  the  burning  of  natural  gas  from 
torches,  and  this  statute  was  sustained  in  Toicnsend  v.  State,  147 
Ind.  64  (1897).  This  same  State  in  1893  passed  a  law  which  pro- 
vided that  neither  oil  nor  gas  should  be  permitted  to  flow  or  escape 
into  the  open  air  for  a  period  longer  than  two  days  following  the 
striking  of  the  oil.  After  this  period,  the  substances  were  required 
to  be  safejy  and  securely  confined  In  the  well,  pipes,  or  other  receptacles. 
This  law  was  upheld  in  Ohio  v.  Indiana,  1900.  An  act  prohibiting 
tlie  wasteful  escape  of  gas  into  the  air  and  providing  that  water  be 
cased  off  and  abandoned  wells  be  plugged  was  passed  by  the  Texas 
Legislature  in  1899.     A  California  statute.  1911,  prohibits  unnecessary, 
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The  first  law  restricting  production  was  passed  in 
Oklahoma  in  1915,  when  the  flush  production  from  the 
Healdton  and  Cusliing  fields  created  an  oversupply  of 
oil  on  the  market.  This  law  declared  that  all  oil  pro- 
duced in  excess  of  market  demand  was  waste.'^  A  few 
proration  orders  were  issued  before  the  war  demands  for 
oil  absorbed  all  the  excess  oil  on  the  market.  The  law 
remained  a  dead  letter  until  the  Seminole  field  ushered 
in  a  new  period  of  hea-s^y  flush  production  in  1926.*  Be- 
tween the  years  1926  and  1931  a  series  of  new  discoveries 
were  made,  including  the  great  Oklahoma  City  and  East 
Texas  fields.  This  flood  of  oil,  coupled  with  the  effects 
of  the  depression,  weakened  the  market;  and  the  oil 
companies  discarded  "laissez  faire"  policies  and  looked 
to  the  Government  for  relief. 

Operators  and  officials  of  States  whose  welfare  de- 
pended largely  on  the  oil  industry  were  anxious  to  stem 
the  tide  of  low  prices,  reduced  revenues,  and  problems 
of  relief.  The  Governor  of  Oklahoma  declared  martial 
law  in  the  oil  fields  and  ordered  the  militia  to  shut  in  all 
but  the  stripper  wells  until  buyers  would  agree  to  pay 
tlie  producers  one  dollar  per  barrel  for  oil."  The  Texas 
Railroad  Commission  made  several  attempts  to  stabilize 
East  Texas  production  but  was  stopped  each  time  by  a 
three-judge  Federal  Court.  The  Governors  of  Texas 
and  Oklahoma  resorted  to  martial  law  to  enforce  pro- 
duction quotas;  but  the  invalidation  of  martial  law  in 
East  Texas  ^°  resulted  in  a  new  rise  in  production,  and 
until  1934  every  proration  order  was  struck  down  by  the 
Federal  Court.  Finally,  in  the  Amazon  Petroleum  Cor- 
poration v.  Railroad  Commission  case,^^  the  courts  sus- 
tained a  proration  order  of  the  Texas  Railroad  Commis- 
sion. 

The  power  of  the  State  to  restrict  production  has  been 
sustained  on  two  bases :  ^-  the  State's  power  to  protect 
natural  resources  and  its  power  to  protect  correlative 
rights  of  the  owners  of  a  common  property. 

Two  things  run  through  most  of  the  State  legislation : 
prevention  of  physical  waste  and  stabilization  of  the 


wasteful  escape  of  natural  gas  into  the  air.  Two  measures  were  passed 
by  the  Louisiana  legislature  in  1910  to  prevent  waste  in  the  production 
and  transportation  of  oil  and  gas.  It  was  not  until  1920  that  the 
courts  upheld  an  order  of  the  Wyoming  commission  based  on  the  con- 
servation statute  prohibiting  the  sale  of  gas  for  the  manufacture  of 
carbon  blacls  CWaXU  v.  Midland  Carbon  Co.,  254  U.  S.  300  (1920)). 

'■  Session  Laws  of  Oljlahoma,  1915,  chap.  25. 

» In  1926  Seminole  field  production  reached  over  500,000  barrels  a 
day ;  report  of  William  J.  Armstrong,  oil  and  gas  conservation  officer 
of  the  Olilahoma  Corporate  Commission,  September  17,  1938.  In  the 
East  Texas  field  production  mounted  to  over  1.000,000  barrels  per  day 
In  1931  ;  the  price  of  crude  oil  dropped  from  90  to  10  cents  a  barrel. 
Northcntt  Ely,  "The  Conservation  of  Oil,"  51  Harvard  Law  Reiieic  1213. 

'Mineral  Resources,  19S1,  pt.  II,  p.  554. 

^''  Constantin  r.  Smith,  57  F.  (2d)  227  (E.  D.  Tex.  1932),  aCEd.,  287 
TI.  S.  378  (1922). 

"5  F.   Supp.   633    (E.   D.  Tex.   1934).     Ely,  op.  cit.,  p.  1214. 

^  Ohio  Oil  Co.  v.  Indiana,  177  U.  S.  190  (1900)  ;  Linisley  v.  Natural 
Carionio  Gas  Co.,  220  U.  S.  61  (1911)  ;  Walls  t.  Midland  Carton  Co., 
254  r.  S.  300   (1920). 


market.  Except  for  Illinois  and  California,^^  all  the 
leading  producing  States  today  have  legislation  estab- 
lishing proration  systems.  California  has  the  system  of 
voluntary  curtailment  of  crude  oil  production  regulated 
by  the  Central  Coimnittee  of  California  OU  Producers 
and  administered  by  an  oil  umpire."  Although,  origi- 
nally proration  had  been  set  uj)  to  prevent  the  ruination 
of  the  market,  legally  it  has  no  basis  other  than  conser- 
vation."* Until  recently  the  concept  of  conservation 
included  only  the  prevention  of  physical  waste,  but, 
the  recent  tendency  is  to  include  economic  waste  as 
well.  Proration  is  a  device  for  controlling  production 
from  the  wells,  properties,  or  fields  so  that  production 
for  the  State  wUl  not  exceed  demand.  Secretary  Wil- 
bur, in  an  address  before  the  Governors'  Conference  in 
Washington,  D.  C,  January  16, 1931,  declared  that  pro- 
ration had  "no  comiection  with  producing  methods  but 
is  the  term  applied  to  the  effort  to  allocate  the  amount  of 
oil  which  may  be  taken  from  any  given  producmg 
area."  The  regulatory  commission  in  the  State,  on  the 
basis  of  the  Bureau  of  Mines  estimate  of  market  de- 
mand or  on  the  basis  of  purchasers'  nominations,^^  de- 
cides what  the  State's  share  of  the  national  demand 
shall  be.  After  the  montlily  allowable  for  the  State 
is  established,  the  connnission  apportions  the  allowable 
among  fields  and  wells.  In  order  to  prevent  premature 
abandonment  of  wells,  some  of  the  State  laws  exempt 
from  regulation  all  margmal  wells  ^^  and  deduct  from 
the  total  State  allowable  the  sum  of  the  production 
from  the  marginal  wells. 

Proration  regulations  are  based  on  capacity  of  the 
well  to  produce.    There  is  no  uniformity  in  standards 


"The  Sharliey  bill  (ch.  585,  Stats,  of  1931),  providing  for  a  com- 
mission to  establish  production  quotas  for  the  State,  was  repealed  in 
1932.  largely  as  a  result  of  energetic  opposition  by  the  independent 
producers,  and  no  official  State  proration  scheme  has  been  in  effect 
since  that  date.  California  State  Planning  Board.  Regulation  of  Oil 
and  Ga-^  in  California,  1938. 

"  Beginning  in  1929,  California  producers  cooperated  in  order  to 
secure  voluntary  curtailment.  The  Central  Committee  was  finally 
formed  in  1933,  and  according  to  testimony  by  Ralph  B.  Lloyd 
it  has  at  all  times  embraced  the  producers  of  90  percent  of  crude  oil 
production.     Petroleum  Investigation,  193!i,  p.  2574. 

i*-  Although  the  Olilahoma  law  in  1915  expressly  prohibited  produc- 
tion in  excess  of  market  demand,  the  courts  held  in  Champlin  Refining 
Co.  V.  Corporation  Commission  of  Oklahoma,  51  F.  (2nd)  823  (1931), 
that  the  purpose  of  the  law  was  not  price-fixing  but  rather  prevention 
of  physical  waste  in  storage  and  production. 

"  Previous  to  the  passage  of  the  Arliansas  law,  February  15,  1939, 
the  Arlsansas  Board  of  Conservation  adjusted  the  demand  to  conform 
with  engineering  standards.  The  demand  for  the  purchase  of  crude  was 
first  heard  at  the  regular  monthly  State-wide  hearing  on  prorated  fields. 
The  behavior  of  the  reservoir  imder  the  previous  month's  allocation 
was  then  studied  :  if  the  demand  could  not  be  met  without  undue  dam- 
age to  the  reservoir,  the  allowable  was  set  below  the  marlset  demand. 
Report  by  A.  M.  Crowell.  chief  conservation  agent  of  Arlsansas,  to  the 
Arkansas  State  Planning  Board,  September  1,  1938.  Since  the  new  law 
emphasizes  ratable  withdrawals  and  efficient  recovery  rather  than  pro- 
duction in  excess  of  market  demand,  the  Oil  and  Gas  Commission  created 
by  the  new  law  has  followed  a  similar  procedure  in  determining  the 
State  allowable. 

"  Small  wells  of  settled  production,  which  are  usually  defined  as 
wells  producing  below  a  fixed  quantity.  In  Texas  the  fixed  quantity 
varies  with  the  depth  of  the  well.  Article  6049  (b),  par.  I,  Tex.  Ann. 
Ker.  Civ.  Stat.   (Vernon,  1937). 
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among  the  several  States  as  to  the  proration  formula 
adopted,  and  even  within  the  individual  States  the 
standards  are  modified  from  time  to  time."  In  general, 
the  proration  formulas  are  based  on  one  or  more  of 
these  three  factors :  per-well  allowances,  potential,  and 
acreage.  Although  the  per-well  method  of  deter- 
mining the  allowable  is  the  easiest  to  administer,  the 
procedure  is  definitely  inequitable  unless  accompanied 
by  well-spacing  regulations  and  uniform  reservoir  con- 
ditions. Alone  it  does  not  take  into  account  either  the 
area  drained  by  the  well  or  the  relative  i^roducing  abil- 
ity of  diflPerent  wells.  Freciuently,  the  "potential" 
method  is  just  as  unfair.  The  early  practice  was  to 
measure  the  potential  by  allowing  the  well  to  flow  wide 
open  for  a  limited  period,  and  then  to  allocate  produc- 
tion to  it  in  the  proportion  that  its  potential  bore  to  the 
potentials  of  all  the  other  wells  in  the  field.  Since  other 
more  efficient  physical  gages  of  potential  have  been  de- 
veloped, this  method  is  now  less  wasteful  but  is  still 
unfair,  since  the  quantity  of  recoverable  oil  is  not  neces- 
sarily directly  proportional  to  the  well  potential.  Still 
another  method  establishes  the  allowable  on  the  acreage 
alone;  this  method  is  equitable  only  if  reservoir  condi- 
tions are  uniform.  The  best  allowables  consider  acre- 
age, wells,  and  all  the  elements  of  the  reservoir,  such  as 
formation  pressure,  permeability  of  the  sand,  sand 
thickness,  and  other  factors. 

In  Arkansas  ^^  the  Oil  and  Gas  Conmiission  prorates 
production  on  an  acre-pomid  basis,  limited  by  gas-oil 
ratios."  Before  the  recent  act  was  passed,  the  Arkan- 
sas Board  of  Conservation  used  a  50-percent  acreage 
and  a  50-percent  reservoir  pressure  plan  for  apportion- 
ing the  allowable  among  fields  and  wells.  The  rate  of 
production  from  the  reservoir  was  controlled  by  refer- 
ence to  a  composite  of  average  daily  figures  on  gas, 
water,  and  oil,  all  converted  to  cubic  feet  under  the 
indicated  resex'voir  pressure.  In  the  main,  the  average 
bottom-hole  pressure  determined  what  the  critical  rate 
of  production  would  be. 


•"  At  the  end  of  December  1932,  the  method  used  for  prorating  the 
East  Texas  field  was  based  on  two-thirds  well  and  one-third  acreage 
and  bottom-hole  pressure.  Note,  this  was  the  first  order  to  incor- 
porate the  acreage  and  potential  factor.  In  the  next  year  several 
new  methods  were  tried  in  this  same  field.  At  the  beginning  the 
method  was  based  on  an  allowance  for  each  well  with  consideration 
given  to  bottom-hole  pressures.  A  later  proposal  gave  weight  to  such 
factors  as  sand  thlcliness,  permeability,  porosity,  and  saturation,  but 
that  method  was  not  sustained  in  court ;  and  an  alternative  plan 
based  on  the  potentials  of  key  wells  was  substituted.  Minerals  Year- 
book, 19Sl-sa,  p.  479 ;  and  193i,  p.  675.  See  also  David  Donoghue  and 
E.  Baker,  'Troration  in  Texas  in  1932,"  A.  I.  M.  M.  E.,  Pet.  Dev. 
Tech.,  19SS,  pp.  48,  49. 

^  A  restriction  formula  based  50  percent  on  acreage  and  50  percent 
on  the  individual  well  la  in  force  only  in  the  Rodessa  field  of  Miller 
County.  Report  by  A.  M.  Crowell  to  the  Arkansas  State  Planning 
Board,  September  1,  1938. 

"  The  total  allowable  set  for  each  field  is  divided  by  the  sura  of  the 
acre-pounds,  which  are  determined  by  multiplying  the  bottom-hole  pres- 
sure by  the  acreage  for  each  producer.  Oil  and  Gas  Journal,  April  6, 
1939,  p.  24. 


In  order  to  restrict  production  to  the  State  allowable, 
Texas  operator  are  required  to  shut  in  wells  on  certain 
specified  da3-s.  This  plan  was  inaugurated  in  Novem- 
ber 1937,  when  the  Texas  Kailroad  Commission  ordered 
its  first  Sunday  shutdown  in  east  Texas.  Since  then  it 
has  been  extended  to  the  rest  of  the  fields  in  Texas,  and 
sometimes  a  holiday  includes  Saturday  as  well  as 
Sunday. 

The  formulas  which  have  as  their  basic  unit  the  indi- 
vidual well  encourage  the  drilling  of  unnecessary  wells 
to  get  a  greater  share  of  the  allowable.  "In  East  Texas 
alone,  13,000  of  the  24,000  wells  are  said  to  be  unneces- 
sary from  an  engineering  standpoint.  They  are  esti- 
mated to  have  cost  $160  million,  yet  over  1,300  wells  are 
beuig  added  to  that  field  each  year  at  a  cost  in  excess 
of  $13  million.  In  the  Oklahoma  City  pool,  where  300 
wells  would  have  been  adequate,  but  where  nearly  700 
were  in  fact  drilled,  the  wasted  investment  has  been 
estimated  to  be  in  excess  of  $31  million."  -"  Aside  from 
the  wasted  capital,  too  many  holes  might  well  result  in 
the  depletion  of  reservoir  energy,  both  througli  an  un- 
scientific location  of  the  wells  and  througli  a  reduction 
of  the  allowable  and  a  consequent  slower  rate  of  pro- 
duction, which  in  the  ca.se  of  larger  wells  might  result 
in  the  gas  bypassing  the  oil  without  lifting  it  to  the 
surface."  Therefore,  practically  all  the  State  laws 
have  some  drilling  regulations.  Certain  of  these,  such 
as  provisions  giving  low  allowables  to  new  wells,  as  in 
Oklahoma  and  Arkansas,  or  requiring  bond  of  any 
person  or  firm  engaged  in  drilling,  as  in  California  and 
New  Mexico,  tend  to  discourage  wildcatting. 

Practically  all  the  States,  however,  have  some  spacing 
regulations,  although  because  of  the  numerous  excep- 
tions granted  by  regulatory  agencies,  some  regula- 
tions are  ineffective.  For  example,  in  the  East  Texas 
field  the  original  order  required  the  spacing  of  one  well 
to  ten  acres,  yet  more  than  17,000  of  the  24,2G9  wells 
drilled  in  that  field  prior  to  January  1,  1938,  had  been 
drilled  under  exceptions  allowed  by  the  railroad  com- 
niission.-- 

Spacing  regulations  are  usually  least  effective  where 
they  are  most  needed ;  that  is,  in  fields  composed  of  small 
tracts.  The  main  difficulty  concerns  a  tract  whose  acre- 
age is  too  small  to  afford  even  one  well.  A  rigid  ad- 
herence to  the  spacing  rule  without  some  comi)ensat- 
ing  adjustment  to  the  owner  for  the  oil  beneath  the  land 
would  be  clearly  confiscatory ;  on  the  other  hand,  grant- 
ing the  permission  to  drill  a  well  without  any  protec- 


"  By  contrast,  one  writer  has  said  that  in  New  Mexico  during  the 
years  1934,  1935,  and  1936  some  317  million  barrels  of  reserves  were 
developed  with  only  820  wells,  while  in  west  Texas  288  million  barrels 
of  reserves  were  developed  with  2,346  wells.     Ely,  op.  cit.,  p.  1233. 

"  This  applies  in  particular  to  wells  in  which  gas  is  the  primary 
source  of  reservoir  energy. 

^  These  were  granted  in  order  to  prevent  interlease  drainage.  Ely, 
op.  cit.,  p.  1230. 
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tion  to  the  neighboring  landowner  against  undue  drain- 
age would  also  be  unsatisfactory,  if  not  invalid.  Sev- 
eral plans  have  been  suggested  "  to  overcome  the  prob- 
lem of  small  tracts  in  spacing.  Texas  adopted  a  plan 
whereby  the  owner  of  a  small  tract  which  was  segre- 
gated before,  or  segregated  after  but  developed  before, 
Kule  37,  was  entitled  to  the  first  well  as  a  matter  of 
right.  No  reduction  is  made  of  the  allowable,  and,  fur- 
thermore, any  owner  may  obtain  exceptions  from  the 
spacing  rule  in  order  to  equalize  the  well  density  of  his 
tract  with  the  well  density  of  neighboring  tracts.  This 
plan,  coupled  with  the  interpretation  of  the  marginal- 
well  statute,  which  grants  a  full  marginal-well  allow- 
ance (in  accordance  with  its  depth)  to  any  well  drilled 
upon  a  small  tract,  results  in  a  virtual  abrogation  of  the 
spacing  regulation. 

Another  plan  jarovides  for  a  reduction  in  the  allow- 
able. This  method  works  fairly  satisfactorily  for  areas 
only  slightly  smaller  than  the  area  required  under  the 
spacing  rules,  but  in  the  case  of  very  small  tracts  the 
result  would  be  either  confiscation  or  unnecessary  wells. 
The  legislatures  of  New  Mexico,^^  Oklahoma,^^  Louisi- 
ana,^**  and  Arkansas  -'  have  adopted  a  third  plan, 
whereby  the  small  tract  is  denied  a  well.  The  small 
tract  may  be  pooled  with  adjacent  tracts  and  share  in 
the  production  from  the  wells  on  an  equitable  basis. 
Although  forced  pooling  of  lots  within  a  city  block  has 
been  upheld  in  several  cases,-^  it  is  only  recently  that 
a  case  -^  applying  this  principle  to  a  small  tract  in  a 
rural  area  in  Oklahoma  was  upheld. 

Other  provisions  in  State  laws  dealing  with  preven- 
tion of  physical  waste  include  casing  requirements,  reg- 
ulations of  gas-oil  ratios,  requirements  for  taking  logs 
and  keeping  records  while  drilling,  and  other  provi- 
sions regulating  the  manner  of  taking  and  storing  the 
oil.  The  States  generally  have  some  clause  prohibiting 
the  production  of  oil  and/or  gas  in  such  a  manner  as 
to  constitute  waste.  Most  of  the  laws  specifically  state 
that  the  term  "waste"  includes  production  in  excess  of 
reasonable  demand,^"  undergi-ound  waste,  surface  waste, 
and  waste  of  reservoir  energy.  All  the  State  laws  pro- 
hibit lumecessary  escape  of  natural  gas  into  the  air. 
Through  the  fixing  of  gas-oil  ratios  the  States  restrict 
the  amount  of  gas  produced  with  oil.  Some  State  laws 
restrict  tlie  use  to  which  gas  may  be  put.     A  Texas  law. 


s"  A.  W.  Walker,  Jr.,  "The  Problem  of  the  Small  Tract  under  Spacing 
Eegulatjons,"  Oil  and  Oas  Journal,  August  11.  1938,  p.  41. 

=<  Ch.  72,  sec.  12,  laws  of  New  Mexico,  1935. 

=s  Ch.  59,  art.  I,  sec.  3.  session  laws  of  Oklahoma,  1935. 

*^Act  No.  22.5.  sec.  6.  suMiv.  6.  acts  of  Louisiana.     R.  S.  1936. 

^  An  act  passed  February  15,  1939,  sec.  15. 

'^Marrs  v.  City  of  Oxford,  32  Fed.  (2d)  134,  A.  L.  R.  1336.  cert, 
denied.  280  U.  S.  573  ;  50  Sup.  ct.  29.  74  L.  Ed.  625  :  Tijsco  Oil  Co.  V. 
Railroad  Commission,  12  F.  Supp.  202. 

^Patterson  v.  Stanolind  Oil  rf-  Gas  Co.,  77  Pac.   (2d)  83  (1938). 

*^  This  applies  to  crude  oil  only. 


for  instance,  prohibits  the  use  of  natural  gas  for  the 
manufacture  of  carbon  black,  until  after  the  extrac- 
tion of  the  natural  gasoline  content  from  the  gas,  and 
rules  against  blowing  gas  into  the  air  even  after  the 
gasoline  content  has  been  removed.  Furthermore,  the 
law  prohibits  the  use  of  sweet  gas  for  the  manufacture 
of  carbon  black. ^"^  The  Kansas  law  prohibits  economic 
waste  of  gas,  which  is  defined  as  the  use  of  merchant- 
able gas  in  any  manner  other  than  for  light,  fuel,  car- 
bon-black manufacture,  and  efficient  chemical  processes 
or  repressuring  purposes.^^ 

In  order  to  prevent  underground  waste,  which  em- 
braces the  imi^roijer  use  of  reservoir  energy,  the  States 
provide  for  water  shut-offs  and  usually  require  ap- 
proval by  the  commission  of  the  method  used  by  the 
operator.  Arkansas  controls  the  rate  of  water  en- 
croacliment  by  means  of  a  control  chart,  which  fixes  the 
critical  rate  of  production. ^^  Gas-oil  ratios  are  regu- 
lated, and  orders  for  shutting  in  wells  at  which  gas  pro- 
duction exceeds  maximum  gas-oil  ratios  have  been 
issued  in  California.^*  Ingenuity  in  reducing  the  ratio 
is  rewarded  in  Arkansas  by  increased  allowables.  All 
the  State  laws  include  regulations  requiring  operators 
to  use  every  precaution  to  prevent  blowouts,  cave-ins, 
explosions,  and  fires.  In  general,  the  States  regulate 
abandoned  wells  and  require  that  wells  be  plugged  in 
the  manner  approved  by  the  commission. 

If,  as  some  do,  we  allow  the  term  "proration"  to  in- 
clude all  the  measures  passed  by  State  bodies  to  regulate 
the  oil  and  gas  industry,  it  is  clear  that  proration  has 
accomplislied  much  in  the  way  of  conservation. 
Strictly  speaking,  however,  proration  as  a  device  for 
limiting  production  to  the  demand  for  crude  may  or 
may  not  have  the  effect  of  conserving  the  crude.  J.  H. 
Dunn,  production  engineer  for  the  Lone  Star  Gas  Co., 
says :  ^^  "While  there  have  been  some  increases  in  ulti- 
mate recoveries  under  ^jroration,  and  undoubtedly  the 
23roducing  lives  of  fields  have  been  extended  where  pro- 
duction rates  have  been  restricted,  it  is  questionable 
wliether  in  a  majority  of  our  fields  ultimate  recovery 
figures  have  been  greatly  increased.  From  the  best  in- 
formation available  it  appears  that  more  than  70  per- 
cent of  all  of  the  active  wells  in  the  United  States  today 
are  pumping  or  producing  by  artificial  life,  or  nearly 
250,000  out  of  a  total  of  over  350,000  active  wells." 
Although  proration  has  some  advantages,  it  is  not  the 
final  solution  to  the  problem.     This  is  expressed  by 


^Vernon's  Texas  Statutes,  1936,  art.  6008,  sec.  3   (j). 

^  Kansas  State  Planning  Board,  Experience  of  Kansas  under  Petro- 
leum Production,  November  1938.  p.  7. 

^  Report  by  A.  M.  Crowell,  chief  conservation  agent  of  Arkansas,  to 
the  Arkansas  State  Planning  Board,  September  1,  1938. 

"  California  State  Planning  Board.  Regulation  of  Oil  and  Oas  in 
California,  1938,  pp.  11-14. 

^^  "Spacing  Regulations  Justified  under  Law.  A.  B.  A.  is  Told,"  Oil 
and  Oas  Journal,  August  4,  1938,  p.  19. 


Energy  Resources  and  National  Policy 


205 


Joseph  E.  Pogue,  when  he  says:^"  "Proration  resuUs 
in  operation  of  wells  under  back-pressures  at  part  ca- 
pacity. It  is  well  known,  of  coui"se,  that  oil  wells  can- 
not be  efficiently  exploited  at  full  capacity,  hence  the 
suppression  of  flusli  flow,  brought  about  by  proration,  is 
a  contribution  to  efficiency.  This  argxunent,  however, 
loses  some  weiglit  b}-  virtue  of  the  fact  that  the  advan- 
tages are  only  a  small  part  of  those  available  under  unit 
operation.  Nevertheless,  it  has  come  about  that  some 
,  fields,  such  as  Yates,  Tex.,  and  Hobbs,  N.  Mex.,  have 
been  enabled  by  proration  to  simulate  unit  operation, 
to  the  benefit  of  operators  in  such  areas.  This  aspect  of 
proration  should  not  be  minimized."  A  recent  example 
of  the  advantages  of  proration  is  found  in  the  Sciiuler 
field  in  Arkansas,  where  the  drastic  cut  in  production 
recently  effected  bj-  reduced  allowables  and  curtailed 
pipe-line  purchases  resulted  in  a  7-pound  rise  in  the 
reservoir  pressure  of  the  field.  The  pressure  had  been 
declining  at  an  alarming  rate.^"  It  will  be  remembered, 
however,  that  Arkansas  is  the  one  State  which  considers 
resei'voir  conditions  as  being  more  important  than  the 
relation  between  production  and  probable  demand. 

This  empluisis  on  engineering  factors  is  a  part  of  the 
recent  tendency  in  all  the  States  to  pass  laws  based  on 
good  engineering  priiU'ij)h's.  The  extent  of  these  State 
provisions  (table  11 )  is  summarized  in  the  Britannica 
Book  of  the  Year:  '* 

With  the  growth  of  conservatiou  principle.s,  there  have  come 
increasing  limitations  upon,  and  exceptions  to,  the  rule  of  oil 
capture.  Today  an  owner  or  lessee  cannot  drill  without  the 
permit  of  a  regulatory  bo<iy ;  locate  a  well  except  as  tlie  applica- 
ble spacing  rule  or  exception  specifies ;  penetrate  surface  water 
sands  without  a  proper  casing  program  and  suitable  means  for 
shutting  off  extraneous  water ;  produce  a  well  except  through 
tubing  with  restricted  flow;  utilize  gas  in  the  reservoir  as  a  lift- 
ing agent  beyond  a  permitted  gas-oil  ratio ;  currently  produce  in 
excess  of  established  allowable  production ;  create  fire  hazards 
or  waste  oil  by  use  of  earthen  storage;  transport  by  pipe  line 
without  a  pipe-line  permit ;  dispose  of  salt  water  without  preven- 
tion of  pollution;  nor  abandon  a  well  without  proper  plugging. 

The  Secretary  of  the  Interior  ^'  explained  this  con- 
servation trend  in  a  statement  before  a  Subcommittee 
of  the  Committee  on  Interstate  and  Foreign  Commerce, 
House  of  Representatives :  "The  oil  industry,  along  with 
the  Nation,  has  recovered  from  the  depressing  condi- 
tions of  1933  and  193-1  to  such  an  extent  that  the  emer- 
gency stabilization  measures  no  longer  press  for  atten- 
tion. On  the  other  hand,  the  increasing  demand  for 
petroleum  products  and  the  mounting  production  has 
emphasized  the  need  for  conservation.    I  am  glad  to  be 


able  to  tell  you  that  there  has  been  an  increased  appreci- 
ation of  this  fact  by  the  State  consei-vation  authorities 
and  by  the  industry."  Evidence  of  the  emphasis  on 
conservation  is  ajjparent  in  a  recent  Oklalioma  amend- 
ment,*" which  changes  the  wording  of  the  1933  law  so 
that  the  emphasis  is  on  conservation  rather  than  prora- 
tion. The  "proration  umpire"  is  now  called  the  "con- 
servation officer,"  and  in  other  places  where  "proration" 
was  used  "conservation"  is  now  used.  In  the  same  ses- 
sion the  1933  laws  were  further  amended  *'  to  extend 
the  definition  of  waste  and  thus  prohibit  "the  use  of 
reservoir  energy  for  oil-producing  properties  by  means 
or  methods  that  unreasonably  interfere  with  obtaining 
from  the  common  source  of  supply  the  largest  ultimate 
recovery  of  oil."  Texas,  too,  in  its  1935  law,"  prohibits 
"physical  waste  or  loss  incident  to,  or  resulting  from,  so 
drilling,  equipping,  locating,  spacing,  or  operating  well 
or  wells  as  to  reduce  or  tend  to  reduce  the  total  ultimate 
recovery  of  crude  petroleum  oil  or  natural  gas  from  any 
pool,  and  waste  or  loss  incident  to,  or  resulting  from,  the 
unnecessary,  inefficient,  excessive,  or  improper  use  of 
the  reservoir  energ}',  including  the  gas  energy  or  water 
drive,  in  any  well  or  pool."  The  recent  laws  of  New 
Mexico,"  Oklahoma,**  Louisiana,*'  and  Arkansas  *'" 
which  establish  proration  units  of  a  uniform  number  of 
acres  and  provide  for  the  pooling  of  properties  where 
the  individual  tract  does  not  conform  to  the  standard 
proration  unit  are  a  step  toward  field-wide  unitization, 
a  device  permitting  the  practice  of  the  best  engineering 
methods. 

Limitations  of  State  Legislation 

This  recent  legislation  in  the  direction  of  conservation 
is  all  well  and  good  as  far  as  it  goes.  Due  to  the  inter- 
state nature  of  the  oil  industry  and  the  competition  be- 
tween the  States,  it  cannot  provide  a  full  solution.  As 
Ely  says,'""*  *  *  no  matter  how  effective  the  various 
State  systems  of  conservation  may  become,  no  matter 
how  efficiently  they  may  conserve  reservoir  energy  and 
effect  tlie  apportionment  of  production  among  separate 
pools,  there  are  inherent  limitations  on  their  individual 
powers  *  *  *.  Self-restriction  by  one  State  can  no 
more  control  the  wasteful  flush  production  in  another 
State,  despite  the  effect  on  their  joint  market,  than  it 
can  control  the  deforestation  of  a  common  watershed. 
*  *  *.  State  lines  have  no  influence  on  the  physical 
effect  of  these  regional  forces."     This  problem  of  State 


"  "Economics  of  Proration,"  A.  I.  U.  M.  E.,  Pet.  Dev.  Tech.,  BiZ, 
p.  74.     Also.  Petroleum  Incestigatioti,  ]SS.',,  p.  1274. 

"  "State  Capitals."  Oil  and  Gas  Journal,  July  7,  1938,  p  24. 

=«  Edited  by  Franklin  H.  Hooper  and  Walter  Yu3t,  1938  Britannica 
Book  of  the  Tear,  Encyclopedia  Britannica.  Inc.,  1938,  pp.  516-,517. 

=»  Hearings  on  S.  790  and  H.  R.  5366,  Washington,  April  27,  2S,  29, 
and  May  3,   1937,  p.  4. 


«»Oklnhnma  Sissinn  I.aws,  193-5.  p.  239.  sec.  1    (H.  B.  No.  274). 
"Oklahoma  Srasion  Laws,   1035,  p.  279.  sec.  2  (H.  B.  187). 
''Vernon's  Texas  Statutes,  1936,  art.  C014    (f)    (g). 
"  Session   Laws  of   New   Mexico.   1935.   ch.  72,  sec.   12. 
"  Oklahoma  Session  Laws.  1035,  p,  233,  sec.  3. 
»  Louisiana  Act  225  of  193G,  sec.  6. 
""  An  act  passed  February  15,  1939,  sees.  14,  15. 

"  Northcutt  Ely,  Oil  Conservation  through  Interstate  Agreement,  Fed- 
eral Oil   Conservation  Board,  Washington,  D.  C,  1933,   p.   161. 
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lines  is  emphasized  in  the  Rodessa  pool,  which  stretches 
across  three  State  lines — Louisiana,  Arkansas,  and 
Texas.  "At  various  times  each  of  the  three  States  has 
enforced  a  different  rate  of  production  on  the  wells 
within  its  boundaries  within  that  single  pool.  The  re- 
sultant loss  of  market  by  the  most  conservative  State  to 
the  most  reckless  one  illusti-ates  in  sharper  focus  the 
problem  presented  by  more  distant  pools  which  are 
tributary  to  the  same  common  market."  *^  Fortunately, 
there  are  few  such  pools. 

The  effect  of  flush  production  and  lack  of  uniformity 
of  State  restriction  is  to  cause  the  abandonment  of 
stripper  wells  and  thereby  lose  the  reserves  reached  by 
those  wells.  Dr.  Katharine  Carman,  in  the  Petrolemn 
Investigation,''^  testified  that  "wells  were  abandoned  in 
greater  numbers  in  1931  than  ever  before  in  the  history 
of  the  petroleimi  industry.  In  that  year  62  percent 
more  wells  were  abandoned  than  were  drilled  in  the  total 
United  States.  The  primary  cause  for  these  abandon- 
ments was  the  extremely  low  price  prevalent  in  1931. 
The  low  price  was  due  in  part  to  depressed  conditions  in 
general,  but  in  large  part  to  tremendous  overproduction 
and  cheap  oil  in  East  Texas."  In  a  report  ^'  of  the  Na- 
tional Stripper  Well  Association  to  the  Subcommittee 
of  the  Conmiittee  on  Interstate  and  Foreign  Commerce, 
House  of  Representatives,  the  interstate  cliaracter  of 
flush  production  and  its  effects  on  the  Nation's  reserves 
is  emphasized  again.  ''We  can  skmi  the  cream  off 
an  oil  field  through  excessive  production  and  abandon 
that  field  when  it  ceases  to  flow.  The  other  alternative 
is  to  continue  production  for  all  our  fields  until  we  have 
obtained  the  maximum  possible  recovery.  The  latter 
can  only  be  realized  if  wasteful  methods  are  held  in 
check  by  State  laws.  If  oil  produced  in  violation  of 
those  laws  is  permitted  to  enter  interstate  commerce, 
then  tlae  problem  of  law  enforcement  becomes  increas- 
ingly difficult  and  the  conservation  program  of  the  oil 
States  is  defeated."  Controlling  production,  however, 
is  only  one  phase  of  conservation.  At  the  present  time 
the  industry  seems  to  have  been  relieved  of  the  depress- 
ing conditions  which  stimulated  control  legislation.  At 
the  present  time,  too,  it  is  possible  to  meet  the  demand 
and  at  the  same  time  produce  at  a  rate  which  will  yield 
the  greatest  quantity  of  ultimately  recoverable  oil.  How- 
ever, as  Secretarj'  Ickes  "  observes,  "The  desire  to  pro- 
duce more  oil  than  is  technologically  good  for  a  well  or 
field  may  come  when  the  demand  for  oil  exceeds  that 
which  may  be  produced  efficiently,  when  a  State  may 
look  to  an  immediate  revenue  which  may  be  derived 
from  severance  taxes  on  oil,  or  when  one  State  mav  en- 


■"  Northcutt  Ely,  "The  Conservation  o£  Oil."  51  Harvard  Laic  Review, 
1221. 

"Petroleum  Investigation,  193i,  p.  423. 

"Hearings  on  S.  790  and  H.  R.  5366   (1937).  p.  114. 

"Hearings  on  S.  790  and  H.  R.  5306  (1937),  p.  8. 


deavor  to  maintain  its  output  in  a  constant  relationship 
with  that  of  another  State  regardless  of  their  compara- 
tive ability  to  produce  oil  with  an  equal  degree  of  effi- 
ciency." The  oil  resources  of  the  Nation  are  of  national 
concern  and  the  progi-am  for  their  conservation  should 
be  Nation-wide.  This  can  be  accomplished  either  by 
Federal  legislation  or  by  a  system  of  uniform  legisla- 
tion throughout  the  States.  It  seems  unlikely  that  the 
States  will  pass  uniform  legislation  except  to  comply 
with  minimum  Federal  standards.  There  is  little  hope 
under  the  present  system  for  an  extensive  Nation-wide 
conservation  program. 

Development  of  the  Federal  Interest 
in  Oil  and  Gas  Conservation 

Early  Interest  in  Conservation 

Early  efforts  of  the  Federal  Government  to  increase 
the  efficiency  of  production  of  oil  and  gas  have  been  de- 
scribed in  chapter  5. 

War  Regulation 

The  problem  of  obtaining  adequate  supplies  of  petro- 
leum products  along  the  Atlantic  seaboard  accounted 
for  the  interest  of  the  Federal  Government  in  the  in- 
dustry during  the  participation  of  the  United  States  in 
the  World  War.  Little  effort  was  devoted  to  the  more 
efficient  production  of  oil  and  gas,  although  the  Gov- 
ernment was  interested  in  the  effective  operation  of 
transportation  facilities.  Soon  after  entrance  into  the 
World  War  the  Petroleum  War  Service  Committee  was 
established  in  the  Council  of  National  Defense  for  the 
purpose  of  facilitating  the  supply  of  petroleum  prod- 
ucts to  governmental  agencies — primarily  to  the  Navy. 
In  1918  this  Committee  was  supplanted  by  the  Oil  Divi- 
sion of  the  United  States  Fuel  Administration  mider 
the  direction  of  Mark  L.  Requa."  A  new  committee  of 
oil  producers,  the  National  Petroleum  War  Service  Com- 
mittee, was  set  up  under  the  chairmanship  of  A.  C.  Bed- 
ford, chairman  of  the  board  of  directors,  Standard  Oil 
Co.  (New  Jersey).  The  industry  complained  that  it 
could  not  serve  the  Government  to  the  fullest  extent 
unless  it  was  excused  from  the  provisions  of  the  anti- 
trust laws.  Consequently,  an  agreement  was  reached 
between  the  Federal  Trade  Commission  and  the  Fuel 
Administration,  with  the  understanding  that  the  latter 
would  be  the  paramount  governmental  authority  over 
the  oil  industry  during  the  period  of  the  war.^- 

In  the  main,  the  oil  industry  operated  under  a  system 
of  self-government.  For  example,  all  contracts  for  the 
divergence  of  crude  oil  from  its  existing  channels  of 
manufacture  were  submitted  for  approval  to  conmiittees 


M  Petroleum  Investigation,  193i,  p.  2669  ;  William  J.   Kemnitzer,  Re- 
lirth  of  Monopoly,  1938,  pp.  17-18. 

'■■Petroleum  Investigation,  193i,  p.  2671;  Kemnitzer,  loc.  cit. 
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of  the  industry,  including  producers,  buyers,  and  also 
representatives  of  tlie  public.  Disputed  decisions  were 
referred  to  the  Oil  Division.  Moreover,  the  industr}'  set 
up  the  xVtlantic  Di.stributing  Conunittee  to  maintain 
the  supply  of  oil  along  the  Atlantic  seaboard.  The  Oil 
Division  allowed  this  Committee  to  pool  contracts  and 
cooi>erate  in  obtaining  adequate  supplies."  At  the  end 
of  the  war  the  National  Petroleum  Service  Committee 
became  the  basis  for  the  creation  of  the  American  Petro- 
leum Institute. 

Regulations  Relating  to  Federal  Lands 

Federal  laws  relating  to  the  search  for  oil  and  gas  and 
to  production  on  Federal  land  were  passed  in  1920  and 
have  been  repeatedly  amended.  In  the  main  these  reg- 
ulations provide  for  methods  of  allocating  prospecting 
permits,  for  the  awarding  of  oil  and  gas  leases,  either 
with  or  without  comi>ctitivc  bidding,  and  for  the  super- 
vision of  drilling  and  production.'^' 

For  each  field  or  pool  discovered  on  Goverimient  land, 
a  representative  of  the  Socretarj-  of  the  Interior  is 
autliorized  to  require  compliance  with  Government  laws 
and  regulations  "to  the  end  that  all  operations  shall 
conform  to  the  best  practice  and  shall  be  conducted  in 
sucli  maimer  as  to  protect  tlie  deposits  of  the  leased  lands 
and  result  in  the  maximum  ultimate  recoverj'  of  oil 
and  gas  witli  niiiiiuium  waste." 

Federal  Oil  Conservation  Board 

On  December  19, 1921,  President  Coolidge  established 
the  Federal  Oil  Conservation  Board  to  study  the  possi- 
bility of  a  scarcity  of  oil  and  to  investigate  methods 
for  more  efficient  production.'^"  It  has  been  maintained, 
however,  that  the  major  reason  for  the  creation  of  the 
Board  was  the  rise  in  stocks  of  oil  in  storage  and  the 
weakening  in  the  price  structure.'^"  Petroleum  prices 
rose  considerably  in  1925  and  1926.  In  the  latter  year 
the  Board  held  its  first  public  hearings,  at  which  a  ma- 
jority of  the  industry  testified  there  was  no  danger  of  a 
sliortage  of  oil.    Henry  L.  Dohertj-,  head  of  the  Cities 


'^  Petroleum  Investigation.  19.V,,  p.  20V4  ;  Ki'iunitzer.  op.  cit..  p.  20. 
At  the  end  of  the  war,  Mr.  Rpqtia  was  cooperating  with  the  indnstrles 
on  a  plan  to  sot  up  a  world  marketing  organization  tor  the  purpose  of 
acquiring  foreign  properties  and  of  supplying  foreign  markets  as  well  as 
the  domestic  market  with  foreign  oil.  Petroleum  Investigation^  I93!i, 
p.  2075  ;  Kemuitzer,  op.  cit.,  pp.  20  21. 

"  U.  S.  Department  of  tlie  Interior.  General  Land  OIBce.  Regulations 
Concerning  Oil  and  Oas  Permits  and  Leases  and  Rights  of  Way  for  Pipe 
Line,  Circular  No.  13^6,  approved  May  7,  1936.  Greater  detail  on  some 
matters  is  given  in  a  previous  set  of  regulations.  Circular  No.  672.  The 
U.  S.  Department  of  the  Interior,  Geological  Survey,  Oil  and  Oas  Oper- 
ating Regulations,  Applicable  to  Lands  of  the  United  States  and  to  All 
Restricted  Tribal  and  .illotted  Indian  Land  (Except  Osage  Indian  Reser- 
vation), revised   November  1,   1936. 

*'  Ibid.,  p.  2.  In  this  connection  the  supervisor  collects  all  necessary 
operating   and    prrduction    data,    including    rental    and    royalty    records. 

'"  Report  I  to  the  President  of  the  United  States,  1D26,  p.  1. 

='  Kemnitzer,  p.  53.  The  wholesale  price  index  of  petroleum  products 
had  fallen  from  102.9  in  1922  to  S3.5  In  1924,  the  average  for  1926 
being  taken  as  100,  V.  S.  Department  of  Commerce,  Survey  of  Current 
Business,  1936  supplement,  p.  13. 


Service  Co.,  however,  declared  that  the  Federal  Gov- 
ernment should  regulate  the  industry  because  a  shortage 
was  threatened  and  because  methods  of  production  were 
gi'ossl}-  inefficient.  Charles  Evans  Hughes,  then  repre- 
senting the  American  Petroleum  Institute,  declared  that 
the  Federal  Government  had  no  power  to  control  pro- 
duction and  that  the  industry  could  best  l)e  assisted  by 
Government  permission  for  intercompany  cooperation."' 

By  the  end  of  1926  discoveries  had  become  so  numer- 
ous and  production  of  crude  oil  so  great  that  stocks  of 
oil  in  storage  were  rising  and  prices  were  falling.  In 
that  year  the  Federal  Oil  Conservation  Board  proposed 
some  kind  of  interstate  agi-eement  or  compact  for  the 
purpose  of  restricting  production  and  conserving  oil.^* 
Overproduction  of  oil  occurred  during  the  next  few 
j'ears,  and  the  wholesale  price  index  of  petroleum  prod- 
ucts fell  from  100.0  in  1926  to  71.3  in  1929.  In  that  year 
the  Board  again  proposed  an  interstate  compact  to  aid 
in  restricting  production.  Moreover,  in  1929  theBoard 
considered  a  plan  of  the  American  Petroleum  Institute 
for  world-wide  limitation  of  production  to  demand. 
The  Attorney  General  informed  Secretary  Eay  Lyman 
Wilbur,  Chairman  of  the  Board,  that  the  i)roceedings  of 
the  American  Petrolemn  Institute  indicated  that  its  pur- 
pose in  proposing  world-wide  restriction  to  the  Federal 
Oil  Conservation  Board  was  primarily  to  obtain  from 
the  Federal  Government  release  from  the  operation  of 
anti-trust  laws.  Therefore,  the  Attorney  General  held 
that  the  Federal  Conservation  Board  had  no  right  to 
approve  of  any  such  production-restriction  program."" 

At  this  point  the  Federal  Government  decided  it  was 
powerless  to  restrict  production  except  by  obtaining 
agi-eements  among  the  producing  States.  A  meeting  of 
the  Governors  of  these  States  was  held  in  Colorado 
Springs  in  1929  for  the  purpose  of  determining  how  the 
industry  and  the  States  could  check  overproduction 
through  joint  action."^  The  conference  failed,  and  the 
Board  continued  its  efforts.  In  1930  it  recommended  an 
arrangement  whereby  all  operators  tapping  a  particular 
oil  pool  might  come  to  an  agreement  upon  the  amount 
of  oil  to  be  produced  within  a  given  period.  It  was 
thought  a  bill  could  be  devised  releasing  the  producers 
from  the  provisions  of  the  Federal  antitrust  acts.  Vari- 
ous forms  of  unit  operation  were  proposed  from  time  to 
time  by  the  Board. "- 

Production  continued  to  exceed  demands  and  stocks 
to  rise.    In  1931  Secretary  Wilbur  declared  that  there 


M  Federal  Oil  Conservation  Board,  Public  Hearings,  May  27,  1926, 
pp.  13-23;  Kemnitzer,  pp.  53-54. 

"Northeutt  Ely.  Oil  Conservation  Through  Interstate  Agreement,  Fed- 
eral Oil  Conservation  Board,  1933,  p.  19. 

"Ibid.,  p.  17. 

"Ibid.,  pp.   lS-19. 

«=  The  most  detailed  suggestions  are  included  in  Report  III  to  the 
President  of  the  United  States,  1929,  pp.  1-8  and  appendices  A  and  B. 
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■was  no  remedy  except  adoption  of  an  interstate  oil 
compact  approved  by  Congress.^^ 

In  1931  the  Governors  of  the  midcontinent  area  pro- 
posed an  interstate  compact  paralleling  the  plans  of  the 
Federal  Oil  Conservation  Board.  The  plan  was  con- 
sidered by  the  Board  in  April  1931."  The  Governors 
set  up  an  oil  States  advisory  committee  which  entered 
into  an  informal  production  accord  in  September  1931. 
This  accord  lasted  to  the  end  of  1932  and  had  some  effect 
in  controlling  production  in  the  midcontinent  area.*" 

The  National  Industrial  Recovery  Act 

Soon  after  coming  into  office  in  March  1933,  the  new 
administration  was  concerned  with  the  economic  condi- 
tion of  the  oil  industry.  The  Secretary  of  the  Interior 
called  a  conference  of  the  Governors  of  the  oil-produc- 
ing States  on  March  27  to  discuss  production  restriction. 
(On  this  entire  subject,  see  pt.  four,  sec.  II,  of  this  re- 
port.) At  this  meeting  a  committee  of  officials  and 
producers  recommended  Federal  prohibition  of  the 
transportation  in  interstate  and  foreign  commerce  of 
products  produced  in  violation  of  State  laws.  Bills 
were  introduced  in  Congress  providing  for  such  a  re- 
striction. But  at  the  suggestion  of  the  President  the 
regulation  of  the  oil  industry  was  made  a  part  of  the 
National  Industrial  Recovery  Act.  Section  9  (c)  of 
that  act  provided  for  the  prohibition  of  the  transporta- 
tion in  interstate  and  foreign  commerce  of  oil  produced 
in  excess  of  the  amount  permitted  by  the  proration  laws 
and  regulations  of  individual  States.^"  Under  this  act 
the  Secretary  of  the  Interior  regulated  the  movement 
of  oil  in  interstate  and  foreign  commerce  on  the  basis 
of  affidavits  of  legality  as  to  the  conditions  under  which 
the  oil  was  produced.  Operation  of  this  system  was 
restricted  to  the  East  Texas  field.  The  system  of  affi- 
davits proved  inadequate  and  was  supplanted  by  the 
Federal  Tender  Board  in  October  1934.  The  new  sys- 
tem was  effective  in  restricting  the  production  of  "hot 
oil,"  that  is,  oil  produced  under  illegal  conditions. 

This  first  Federal  Tender  Board  ceased  to  function 
January  7, 1935,  when  the  Supreme  Court  declared  sec- 
tion 9  (c)  invalid  because  of  improper  delegation  of 
legislative  authority.  Another  tender  board  was  later 
created  under  the  Connally  Act. 


"  He  recommended  that  the  compact  provide  for  unit  operation,  Na- 
tional Industrial  Conference  Board.  Oil  Conservation  and  Fuel  Oil  Sup- 
ply; Laidler.  p.  31;  Jfeio  York  Times,  January  17.  1931. 

"Ely,  op.  eit.,  pp.  19-20. 

"^  For  an  account  of  the  cooperation  between  volunteer  committees 
o£  the  industry  or  of  producing  States  and  the  Federal  Oil  Conservation 
Board,  see  iild,  pp.  21-24. 

"  Sec.  9  also  included  provisions  authorizing  the  President  to  regulate 
the  operation  of  pipe  lines  and  furthermore  to  institute  proceedings  to 
divorce  from  any  holding  company  any  pipe-line  company  controlled 
by  it  (pt.  four,  sec.  II,  p.  393  of  this  report). 


Code  of  Fair  Competition 

The  Code  of  Fair  Competition  for  the  Petroleum 
Industry  became  effective  September  2,  1933,  and  thus 
the  power  of  the  Federal  Government  was  again  thrown 
behind  the  proration  program.  The  code  provided  for 
limitation  of  imports  of  crude  oil  and  oil  products,  for 
restrictions  on  the  withdrawal  of  crude  petroleum  from 
storage,  for  periodic  estimates  of  the  domestic  output 
required  to  supply  consumer  demand,  for  allocation  of 
the  estimated  required  production  among  the  several 
States,  for  allocation  of  the  allowable  requirement 
among  pools  and  wells  within  the  State,  for  the  super- 
vision of  the  distribution  of  allotted  production  among 
refineries,  for  investigation  of  transportation  rates,  and 
for  the  operation  of  newly  discovered  fields  in  accord- 
ance with  a  plan  approved  by  the  President.  More- 
over, it  contained  provisions  regarding  control  of  prices, 
whereby  the  price  of  crude  petroleum  was  tied  to  the 
wholesale  refinerj-  price  of  gasoline.  Sale  below  cost 
was  prohibited.*"  Yet  in  the  main  the  petroleum  code 
was  a  means  of  prorating  allowed  production  among 
producing  districts.  The  Code  became  inoperative  on 
May  27,  1935,  when  the  United  States  Supreme  Court 
invalidated  the  National  Industrial  Recovery  Act  in 
the  Schechter  case. 

The  Connally  Act 

Before  the  invalidation  of  the  N.  R.  A.,  Congress  had 
passed,  on  February  22,  1935,  the  Connally  Act  as  a 
substitute  for  section  9  (c).  It  specifically  prohibited 
interstate  or  foreign  commerce  in  hot  oil.  A  new  Fed- 
eral Tender  Board  was  set  up  in  East  Texas,  and  the 
Tender  system  has  continued  to  function  since  that 
time.  The  Petroleum  Administrative  Board  in  the  De- 
partment of  the  Interior  was  reestablished  as  the  Petro- 
leum Conservation  Division  on  April  1,  1936,  to  aid 
the  Secretary  in  the  enforcement  of  the  new  act.  To 
date  the  tender  system  has  been  used  only  in  the  East 
Texas  field,  and  of  the  oil  for  which  applications  for 
tenders  have  been  received,  approval  has  been  withheld 
on  only  1  percent  of  the  volume.  Fields  other  than 
East  Texas,  however,  have  been  under  the  observation 
of  the  Tender  Board  and  the  Petroleum  Conservation 
Division.  The  Connally  law,  which  was  to  have  ex- 
pired on  June  16,  1937,  was  extended  to  June  30,  1939. 
The  main  purpose  of  the  law  is  to  stabilize  produc- 
tion, although  it  undoubtedly  has  promoted  conserva- 
tion, at  least  in  a  roundabout  manner. 

Federal  interest  in  oil  and  gas  conservation  has  de- 
pended primarily  on  legislation  and  regulations  sup- 


"  National  Recovery  Administration.  Code  of  Fair  Competition  for  the 
Petroleum  Industrv,  1933 ;  George  W.  Stocking.  "Oil  Industry."  Ency- 
clopedia of  the  Social  Sciences,  XI,  446.  Other  provisions  covered  ad- 
ministrative machinery  and   labor   regulations. 
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plementary  to  those  of  tlie  State  government,  although 
Federal  agencies  have  made  important  contributions 
in  technical  assistance  toward  more  efficient  production 
and  more  effective  utilization. 

Present  State-Federal 
System  of  Regulation 

Since  the  invalidation  of  the  Code  of  Fair  Competi- 
tion, the  oil  industry  has  been  regulated  by  a  State- 
Federal  system.  This  system  is  made  up  of  four  parts: 
Bureau  of  Mines  estimates  of  demand,  the  Interstate 
Oil  Comi^act  Commission,  State  proration  and  regula- 
tion, and  Federal  regulation  of  imports  and  of  interstate 
commerce  in  oil. 

Bureau  of  Mines  estimates  of  demand 

'I'lio  estimates  of  market  (k'nuind  for  crude  oil  issued 
by  the  Bureau  of  Mines  are  based  primarily  upon  the 
demand  for  gasoline  and  fuel  oil  and,  to  a  lesser  extent, 
upon  the  demand  for  other  petroleum  products.  The 
method  used  is  described  in  considerable  detail  in  part 
four,  sec.  Ill,  eh.  2,  of  this  report."*  The  procedure 
has  been  highly  accurate.*^"  For  both  1937  and  1938  the 
Bureau  of  Mines  estimate  on  the  total  gasoline  demand 
varied  from  the  actual  by  considerably  less  than  1  per- 
cent. The  close  correspondence  between  the  Bureau  of 
Mines  estimate,  the  State  allowable,  and  the  actual  pro- 
duction for  each  month  can  be  seen  in  the  tabulation 
presented  by  the  Bureau  of  Mines.""  During  tlie  period 
from  1935  to  1937,  the  Bureau  of  Mines  estimate  was 
almost  invariably  slightly  lower  than  actual  production. 
^V'ith  the  restriction  in  demand  since  the  fall  of  1937, 
however,  actual  production  in  many  months  has  been 
less  than  the  estimate.  The  forecasting  sei-vice  for 
gasoline  and  crude  oil  demand  has  been  in  operation  in 
various  forms  since  1930.  In  that  year  the  Federal  Oil 
Conservation  Board  organized  a  voluntaiy  market  com- 
mittee, which,  with  its  successors,  published  reports 
covering  the  period  from  April  1,  1930,  to  June  30, 
1933.'^  The  estimating  of  demand  was  taken  over  in 
1933  by  the  Bureau  of  Mines  and  became  the  basis  of 
national  planning  in  the  oil  industry.  This  fact-find- 
ing work  of  the  Bureau  of  Mines  has  been  satisfactory 


"Also  see  Transcript  of  the  Proceedings  of  the  Interstate  Oil  Com- 
pact Commission  at  Colorado  Springs,  Colo..  July  29,  1938.  pp.  33fl. 
The  mechanics  of  determining  demand  are  also  described  by  Miller  and 
Llndsly,  Petroleum  Investigation,  193i,  pp.  ]298ff. 

"Thus  the  increase  In  the  stoclts  of  all  oils  between  April  1,  1937, 
and  April  1,  1938  (about  4."),000.000  barrels)  converted  into  crude  oil 
equivalents,  very  closely  approslmated  the  excess  in  crude  production 
above  the  estimates  of  market  demand.  Transcript  of  the  Proceedings 
of  the  Interstate  Oil  Compact   Commission,  January  18,   1938,   pp.   20ft. 

'■"  Minerals  Yearbook,  mil,  p.  9S1,  and  Minerals  Yeaihook,  19S8,  p.  819. 

"  Although  price  and  production  fluctuated  widely  during  that  period, 
the  estimates  were  never  less  than  95percent  accurate,  even  though 
they  were  wholly  advisory  and  informal.  Northcutt  Ely.  Oil  Conserva- 
tion Through  Interstate  Agreement,  1933,  pp.  238,  note  1,  261. 
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to  State  officials  and  oil  producers  alike.    (See  pt.  four, 
sec.  Ill,  ch.  2,  of  this  report.) 

Interstate  Oil  Compact  Commission 

On  February  16, 1935,  the  States  of  Texas,  California, 
Oklahoma,  Kansas,  and  New  Mexico  agreed  to  form 
an  interstate  compact  obligating  each  State  to  enact 
conservation  laws  relating  to  oil  production.  The  com- 
pact was  ratified  by  all  the  above  States  except  Cali- 
fornia and  by  Colorado  and  Illinois.  Contemplated 
uniform  conservation  laws,  not  yet  formulated,  were  to 
prevent  certain  kinds  of  waste. '- 

In  its  fifth  report  the  Federal  Oil  Conservation  Board 
recommended  the  creation  of  a  compact  which  would 
obligate  each  member  State  to  enforce  production 
quotas  agreed  upon  by  a  joint  Federal-State  research 
organization.  As  actually  organized,  the  fact-finding 
body  is  wholly  Federal.  The  interstate  body  is  with- 
out Federal  participation,  and  the  States  are  not  com- 
mitted to  accept  or  enforce  quotas."  As  already  indi- 
cated, however,  the  recommendations  of  the  Bureau  of 
Mines  are  put  into  effect  by  both  members  and  non- 
members  of  the  compact.  Although  the  stated  purpose 
of  the  agi'eement  between  the  compacting  States  has 
been  to  conserve  oil  and  gas  by  preventing  physical 
waste,  the  organization  has  acted  primarily  as  an  agency 
for  bringing  about  the  joint  acceptance  of  the  Bureau 
of  Mines  figures.'*  The  compact  has  cooperated  with 
the  Federal  Government  in  the  collection  of  data,  par- 
ticularly in  studies  of  the  quantity  and  characteristics 
of  crude  oil  in  stocks,  and  in  this  connection  its  interest 
has  been  in  furthering  conservation  as  well  as  in  study- 
ing the  problem  of  stabilization.'^  In  the  main,  the 
compact  has  functioned  simply  as  a  clearing  house  for 
information  and  as  a  groufj  for  making  recommenda- 
tions, either  to  the  Federal  Government  or  to  the  State 
governments. 

State  Proration  and  Regulation 

The  wjioie  regulatory  system  is  based  upon  the  ex- 
istence of  power  in  the  State  to  restrict  production,  the 
Federal  regulatory  efforts  being  entirely  supplemen- 
tary. The  legal  bases,  as  well  as  the  devices  by  which 
different  States  regulate  the  oil  industry,  have  been  dis- 
cussed elsewhere  in  this  section.  (See  above  and  ch.  7.) 
As  already  indicated.  State  proration  is  based  upon  the 
estimates  of  the  Bureau  of  Mines.    Through  October 


"  Interstate  Oil  Compact,  Article  I,  Transcript  of  Proceedings,  Inter- 
state Oil  Compact  Commission,  May  10,  1937,  p.  38. 

"Ely,  51  Harvard  Law  Review,  p.  121 G. 

"  Although  no  mention  is  made  in  the  compact  of  proration  or  alloca- 
tion of  tlje  production  quotas  among  States,  the  Texas  Senate  on  May  7, 
1937,  authorized  the  Governor  to  cancel  membership  in  the  compact  at 
any  time  that  Texas  failed  to  obtain  a  reasonable  quota ;  see  pt.  four, 
sec.  Ill,  p.  398,  of  this  report. 

'^Minerals  Yearbook,  IDS'!,  p.  980. 
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1936  these  estimates  included  allowances  for  changes  in 
crude-oil  stocks,  and  consequentlj'  the  estimates  repre- 
sented required  production.  Since  that  month,  how- 
ever, the  forecasts  represent  the  total  amount  of  crude 
oil  required  to  meet  the  demand  by  States  of  origin, 
whether  jsroduced  or  obtained  from  storage.  (See  pt. 
four,  sec.  Ill,  of  this  report.)  Of  course,  changes  in 
stocks  are  minor  compared  to  the  volume  of  actual 
production. 

In  most  producing  States  the  estimate  of  the  Bureau 
of  Mines  is  not  accepted  exactly  as  the  State  allowable. 
The  State  regulatory  body  usually  holds  hearings  of 
producers  and  buyers  of  crude  oil  in  trying  to  estimate 
the  market  demand  for  the  subsequent  month.  In  some 
States  buyers  are  required  to  give  sworn  statements  of 
their  estimates  of  market  demand.  It  usually  happens, 
however,  that  these  hearings  result  in  comparatively 
minor  change  in  the  figure  issued  by  the  Bureau  of 
Mines. 

Federal  Regulatory  Functions 

In  the  general  proration  scheme  the  Federal  Govern- 
ment performs  two  functions,  the  restriction  of  imports 


and  the  prohibition  of  interstate  commmei'ce  in  hot  oil. 
Imports  were  taxed  21  cents  a  barrel  under  the  Revenue 
Act  of  1932,  as  a  result  of  a  plan  of  the  Federal  Oil 
Conservation  Board.'^  The  tax  was  reenacted  in  1935 
and  again  in  1937.  Imports,  however,  account  for  only 
a  vei-y  small  portion  of  the  total  supply  of  oil  (ch.  4). 

Nevertheless,  the  Interstate  Oil  Compact  Commission 
holds  that  continued  restriction  of  imports  is  necessary 
"in  planning  the  proper  conservation  and  development 
of  the  petroleum  industry"  (pt.  four,  sec.  Ill,  ch.  1,  of 
this  report). 

The  prohibition  of  intei^state  commerce  in  oil  pro- 
duced in  violation  of  State  production  quotas  is  pro- 
vided for  in  the  Connally  Act,  already  discussed.  This 
prohibition  is  usually  considered  a  necessary  supple- 
ment to  State  regulation,  and  its  indefinite  extension 
was  unanimously  approved  by  the  various  members 
of  the  Interstate  Oil  Compact  Commission. 

Attention  is  now  directed  to  the  need  for  more  com- 
prehensive legislation  relating  to  the  conservation  of 
oil  and  gas  resources. 


'Ely,  51  Harvard  Law  Review,  p.  1217. 


CHAPTER  7.— PROPOSALS  FOR  PETROLEUM  AND  NATURAL  GAS  CONSERVATION 


Need  of  Federal  Regulation 

Inadequacy  of  Present  State-Federal 
System  of  Regulation 

The  problem  of  conservation  has  not  been  solved 
under  the  present  State-Federal  system  of  regulating 
production  in  the  oil  industry.  The  States  have  passed 
many  laws  concerning  methods  of  operation  and  protec- 
tion of  reserves,  but  probably  the  States'  main  interest 
has  been  in  restricting  production  in  order  to  raise  the 
price  or  to  keep  it  from  falling.  In  general,  production 
has  been  kept  within  bounds,  and  since  1929  excessive 
stocks  have  been  reduced  materially.  Each  State  has 
been  interested  in  obtaining  as  large  a  share  of  the  na- 
tional output  as  possible  without  jeopardizing  the  value 
of  its  volume  of  production.  The  desire  of  the  State  to 
obtain  tax  income  from  the  industry  probably  has  led 
it  to  underestimate  the  importance  of  conservation  of 
reserves.  Most  of  the  States  have  been  reluctant  to 
restrict  production  unless  comparable  restrictions  were 
applied  to  adjacent  States;  moreover,  they  have  been 
unwilling  to  accept  the  Federal  Government's  determi- 
nation of  how  much  oil  the  individual  States  should 
produce,  although  during  and  since  the  N.  R.  A.  they 
have  continued  to  accept  the  Bureau  of  Mines'  monthly 
suggestion  as  a  basis  for  arriving  at  the  total  allowable. 
Yet  competitive  interests  of  the  various  States  have 
held  back  the  adoption  of  comprehensive  conservation 
regulations. 


Legislative  enactments  empowering  State  commis- 
sions to  compel  proration  of  oil  pools  have  resulted  in 
savings  in  many  instances.  Likewise,  control  of  well 
spacing  undoubtedly  has  furthered  conservation,  but  as 
yet  no  State  has  attempted  to  solve  the  problem  by  a 
comprehensive  scheme  of  i-equiring  the  most  efficient 
production  of  the  limited  reserves  of  oil  and  gas. 
Rarely  has  a  State  made  an  attempt  to  retard  the  bring- 
ing into  operation  of  new  fields,  even  though  the  new 
supijlies  might  mean  an  unscientific  restriction  of  pro- 
duction in  older  fields. 

Under  the  present  Federal-State  system  of  proration, 
the  initiative  lies  with  the  States,  and  the  Federal  Gov- 
ernment is  unable  except  by  suggestion  to  initiate  any 
general  improvement  in  production  procedure  or  in 
standardized  regulation  of  the  industry  throughout  the 
country. 

Under  the  Connally  Act,  Congress  has,  in  effect,  dele- 
gated to  State  legislatures  the  regulation  of  interstate 
commerce  by  sanctioning  their  determination  of  the 
amount  of  oil  which  may  be  permitted  to  flow  in  the 
channels  of  interstate  commerce.^    When  legislation  in 


'  Sec.  four  of  the  act.  however,  does  authorize  the  President  to  sus- 
pend the  act  whenever  he  finds  "that  the  amount  of  petroleum  •  *  * 
moving  in  interstate  commerce  is  so  limited  as  to  be  the  cause  •  •  • 
of  a  lack  of  parity  between  supply  •  «  •  and  consumptive  de- 
mand." This  standard  has  been  considered  too  indefinite.  See  Myron 
W.  Watliins,  Oil:  Staiilization  or  Oonservatxont  (New  York,  1937). 
p.  58. 
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the  oil  industry  was  being  considered  in  1933,  Secretary 
of  the  Interior  Ickes  reported  that  the  President  desired 
that  the  prohibition  on  interstate  shipments  of  petro- 
leum and  its  products  apply  to  oil  and  gas  protluced  in 
violation  of  any  Federal,  as  well  as  State,  law.  At  that 
time  the  President  maintained  that  State  action  was 
iiiadcfiuate  to  bring  order  out  of  chaos  in  the  oil  and  gas 
industry.  (See  pt.  four,  sec.  two,  p.  393  of  this  report.) 
Nor,  as  indicated  in  the  preceding  chapter,  has  the 
Interstate  Oil  Compact  Commission  been  successful  in 
raising  production  standards  among  its  member  States. 
Indeed,  this  organization  does  not  appear  to  be  par- 
ticularly interested  in  the  problem  of  conservation  ex- 
cept insofar  as  it  relates  to  the  restriction  of  produc- 
tion to  a  market  demand  that  will  yield  a  satisfactory 
price. 

The  Advantage  of  Federal  Regulation 

If  conservation  measures  are  to  apply  uniformly  to 
the  oil  and  gas  industry,  only  the  Federal  Govermnent 
can  be  expected  to  initiate  them.  The  competitive  in- 
terests among  producers  and  States  are  so  strong  that 
in  the  main  they  preclude  the  adoption  of  thorough- 
going conservation  measures.  The  oil  and  gas  indus- 
try in  all  its  branches  is  national  in  character. 

Whenever  the  general  public  becomes  sufficiently  im- 
pressed with  the  threatened  shortage  of  petroleimi 
l)roducts  and  the  possible  rises  in  prices  for  motor  fuel, 
the  complex  problem  of  regulating  the  oil  and  gas 
industry  is  likely  to  be  transferred  to  the  Federal  Gov- 
ernment. It  is  rather  sui'prising  that  such  a  basic  in- 
dustry has  not  been  the  subject  of  more  adequate  State 
and  Federal  regulation.  All  the  automobiles  of  the 
country,  all  aircraft,  all  naval  vessels,  and,  indeed,  over 
80  percent  of  all  the  Nation's  installed  horsepower,  fixed 
and  automotive,  are  dependent  upon  petroleum.-  The 
petroleum  industry  is  surely  as  essential  to  the  national 
economy  as  the  electric-power  industry  or  the  bitumi- 
nous-coal industry.  Yet  these  industries  which  depend 
upon  a  permanent  supply  of  falling  water  or  on  almost 
unlimited  supplies  of  coal  have  been  subject  to  all  sorts 
of  regulator}'  efforts,  whereas  the  petroleum  industry, 
"which  delivers  energj-  by  the  exhaustion  of  a  limited 
resource,  is  governed  only  by  the  laws  which  it  has  itself 
invoked."  ^  Threatened  increases  in  prices  of  petroleum 
products  may  in  time  lead  to  a  reaction  against  the  con- 


'  United  St.ites  Geologiral  Survey.  Water  Supphj  Paper  No.  573. 
(1023).  When  that  paper  was  written,  there  were  less  than  18.000.000 
autuniotulis  in  u.«e.  Now  there  are  nearly  30.000.000.  Also  see  ch.  1, 
p.  124.  onti  footnote  6, 

'  Northcutt  Ely.  "The  Conservation  of  Oil."  51  Harvard  Law  Review 
1242.  Among  many  reasons  why  oil  and  gas  have  been  Jess  subjected 
than  coal  to  Federal  regulation  may  be  cited  the  less  serious  labor  prob- 
liin  in  the  petroleum  industry  and  the  increasing  volume  of  oil  and  gas 
products  at  decreasing  prices. 


trol  of  production  by  the  producing  States  alone.*  In 
addition,  any  serious  national  emergency  is  certain  to 
call  forth  Federal  intervention.  The  sooner  prelimi- 
nary regulation  of  the  industry  is  initiated,  the  greater 
will  be  the  savings  in  conservation  and  the  more  imme- 
diate the  effective  solution  of  regulatory  problems.  Oil 
and  gas  are  products  which  concern  the  welfare  and 
comfort  of  the  great  majority  of  the  people  and  which 
are  vital  both  in  industry  and  in  national  defense.  The 
question  of  whether  the  Federal  Government  has  power 
to  conserve  oil  and  prevent  waste  will  be  discussed  in  a 
later  section.  At  this  point  it  is  clear,  however,  that 
only  the  Federal  Govermnent  can  provide  a  uniform 
system  of  control  and  regulation. 

The  proposals  in  the  next  section  do  not  necessarily 
require  Federal  legislation.  Although  most  of  them 
could  be  most  effectively  regulated  by  Federal  measures, 
much  could  be  accomplished  by  State  efforts.  And  in 
some  cases,  as  in  changing  from  the  law  of  capture  to 
the  rule  of  ownership  in  place.  State  legislation  is 
clearly  called  for ;  even  here,  however,  this  change  might 
be  stimulated  by  a  Federal  system  of  regulation  which 
required  the  adoption  of  minimum  conservation  laws 
subject  to  the  approval  of  some  Federal  agency.  In  the 
main,  however,  the  regulation  of  the  oil  and  gas  indus- 
try should  be  under  a  State-Federal  system  in  which  the 
superior  power  to  regulate  is  with  the  Federal  Govern- 
ment and  the  actual  achninistration  with  the  State  gov- 
ernments acting  in  compliance  with  minimum  Federal 
standards.  The  change  from  the  present  system  does 
not  necessarily  need  to  be  di'astic,  although  more  uni- 
formity and  better  coordination  are  imperative. 

Specific  Proposals 

The  general  goal  of  the  proposals  discussed  in  this 
section  is  to  eliminate  waste  of  oil  and  gas  resources  and 
to  stretch  the  life  of  underground  reserves  over  as  long 
a  period  as  possible  without  unduly  restricting  the  more 
important  uses  of  tlic  products  of  these  resources.  Ef- 
fective conservation  would  provide  that  reserves  be 
produced  in  such  a  way  that  the  maximum  percentage  is 
recovered  by  ordinary  methods  and  that  the  balance  of 
underground  resen-es  is  left  in  shape  for  later  produc- 
tion if  secondary  recovery  operations  are  favorable  or 
become  desirable  because  of  rising  prices.  If  the  sug- 
gested changes  in  legislation  and  regulation  can  be 
effected,  the  remaining  oil  reserves  can  be  developed 
more  efficiently  and  with  higher  relative  recovery  tlian 
has  characterized  practice  in  the  past  in  this  country 
or  in  a  majority  of  foreign  countries.     The  following 


'  R.  W.  Fair,  member  of  the  tender  committee  in  the  East  Texas  pool, 
testified  that  in  his  opinion  State  regulation  of  the  oil  industry  was 
incapable  of  solving  the  problem  of  conservation.  Petroleum  Investiga- 
tion, 193',,  Hearings  on  llvnse  Res.  .Ul,  13rd  Congress,  pp.  2010-2023. 
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proposals  encompass  also  the  prudent  utilization  of  the 
recovered  petroleum  and  natural  gas  so  that  more  ur- 
gent uses  be  given  priority  and  so  that  a  considerable 
portion  of  the  heavier  and  less  valuable  oils  be  obtained 
from  abroad.  The  suggested  legislation  is  based  on  the 
conviction  that  private  rights  in  the  control  and  pro- 
duction of  petroleum  must  be  so  modified  that  the 
Nation  can  defend  itself  against  the  physical  waste  and 
uneconomic  uses  of  these  irreplaceable  resources. 

The  most  important  proposal  of  this  study  relates  to 
the  introduction  of  unit  operation  of  oil  pools  under  the 
immediate  supervision  of  State  commissions  which  re- 
quire the  observance  of  satisfactory  engineering  prac- 
tices. Unit  operation,  then,  is  the  opposite  of  the  present 
competive  system  of  wastefully  developing  oil  pools. 
The  second  proposal  relates  to  the  adoption  of  certain 
minimimi  engineering  standards  by  State  and  Federal 
regulatory  bodies,  which  are  to  apply  to  the  develop- 
ment and  operation  of  oil  and  gas  fields.  The  third 
proposal  relates  to  the  restriction  of  abandoning  old 
oil  and  gas  wells  as  long  as  they  are  still  in  a  state  of 
production.  Another  proposal  relates  to  the  methods 
by  which  production  can  be  most  satisfactorily  re- 
stricted to  current  needs.  This  proposal  provides  for 
the  Federal  determination  of  the  production  quotas  for 
each  State  and  for  a  State  allocation  of  these  quotas 
based  primarily  on  acreage  allowables  or  on  some  other 
approximation  of  oil  in  place.  Regulation  of  produc- 
tion should  be  aided  by  a  rational  policy  on  exports 
and  imports,  undertaken  with  the  aim  of  conserving 
the  Nation's  reserves.  With  respect  to  the  use  of  petro- 
leum products  it  is  proposed  that  consumption  be  re- 
stricted to  more  urgent  needs  and  that  the  cheaper  and 
more  abundant  supplies  of  fuel  be  used  wherever  they 
can.  In  addition,  this  report  recommends  continued 
Government  research  m  production  and  distribution 
methods  of  the  oil  industry,  as  well  as  further  investi- 
gation of  the  public  interest  in  the  adequate  regulation 
of  the  oil  and  gas  industry. 

Unit  Operation 

Description. — By  unit  operation  is  meant  the  devel- 
opment as  a  whole  of  a  geological  unit  according  to  a 
definite  program  supervised  by  the  State,  royalties  to  be 
shared  on  the  basis  of  acreage,  oil  in  place,  or  some  gen- 
eral equitable  arrangement  regardless  of  the  location  of 
producing  wells.*  The  English  refer  to  unit  operation 
as  scientific  unit  control.^     Unit  operation  is  recom- 


mended here  primarily  as  a  conservation  measure,  al- 
though it  may  serve  the  purpose  of  more  effective  sta- 
bilization of  the  industry  and  has  been  advocated  at 
different  times  for  this  purpose.^ 

Unit  control  may  be  set  up  by  fields  or  by  districts 
within  a  field  according  to  position  on  the  structure.  In 
the  latter  case  the  unit  sections  should  be  selected  so 
that  subsurface  conditions  are  nearly  uniform  and  so 
that  production  can  be  allotted  on  an  acreage  basis.* 
Separate  unit  plans  are  needed  for  each  separate  struc- 
ture. Thus,  in  the  Kettleman  Hills  district  separate  unit 
agi-eements  applied  to  the  North  Dome  and  to  the  Mid- 
dle Dome.^  Unit  operation  may  be  comparatively  easy 
to  organize  in  districts  wherever  most  of  the  land  is 
owned  by  one  or  two  persons  and  leased  to  only  a  few 
operators  or  wherever  the  Federal  Government  is  the 
largest  land  owner.^" 

Tlie  major  characteristics  of  unit  operation  are  pre- 
liminary exploration  in  the  case  of  new  fields,  compul- 
sory pooling  of  interests,  proper  weU  spacing,  accept- 
ance of  standard  development  and  production  methods, 
controlled  withdrawals,  and  scientific  control.  Al- 
though unit  operation  may  be  established  in  old  pools 
and  even  in  new  pools  without  preliminary  study  of 
reservoir  conditions,  careful  definition  of  the  pool  limits 
and  of  the  nature  of  the  reservoir  are  desirable  prelim- 
inaries. Accordingly,  all  commercial  exploitation 
should  be  delayed  until  these  ends  are  achieved  and,  of 
course,  until  a  satisfactory  agreement  has  been  reached 
defining  each  owner's  proportionate  share  of  the  reser- 
voir content,  subject  to  revision  from  time  to  time  in 
the  light  of  additional  experienced^ 


'  W.  p.  Z.  German,  "Compulsory  Unit  Operation  of  Pools,"  Oil  and 
Oas  Journal,  March  19,  1931,  p.  26 ;  Samuel  B.  Petten^ll,  Hot  Oil, 
1936,  p.  209;  see  definition  In  A.  I.  it.  if.  E.,  Pet.  Dev.  Tech.,  tS30, 
p.  11,  quoted  by  H.  C.  Miller  and  Ben  E.  Lindsly,  U.  S.  Bureau  of 
Mines,  Petroleum  Investigation,  laSk,  p.  1251 ;  also  Sir  John  Cadman, 
"Conservation  of  Petroleum,"  Third  World  Power  Conference,  Section 
IV,  Paper  12,  p.  3. 

'  Thus,  the  concept  includes  "the  application  of  a  systematic  and 
formulated  method  of  extractinb  oil  (and/or  gas)  from  a  natural  reser- 


voir, which  is  usually  referred  to  as  a  pool  and  is  the  obvious  unit  for 
this  operation."  H.  S.  Gibson,  "Scientific  Unit  Control,"  The  Science 
of  Petroleum,  I,  534. 

'  See,  for  example,  Leonard  Logan,  "Stabilization  of  the  Petroleum 
Industry,"  A.  I.  II.  M.  E.,  Pet.  Dev.  Tech.,  1931,  pp.  618-24 ;  also 
Pettengill,  loc.  cit..  Miller  and  Lindsly,  loc.  cit.,  George  W.  Stock- 
ing. "Stabilization  of  the  Oil  Industry :  Its  Economic  and  Legal  As- 
pects," American  Economic  Review,  Supplement,  March  1933,  p.  70; 
Robert  E.  Hardwicke,  "Legal  Aspects  of  Gas  Conservation,"  Oil  and 
Oas  Journal,  June  25,  1931,  p.  126 ;  U.  S.  Bureau  of  Mines,  "Conserva- 
tion of  Petroleum  and  of  Natural  Gas,"  Third  World  Power  Conference, 
1336,  sec.  IV,  Paper  12,  p,  25. 

'  R.  M.  Barnes  and  A.  H.  Bell,  "Proration  of  an  Oil  Field  Based  on 
Uniform  Allowable  Gas  Production,"  A.  I.  M.  U.  E.,  Pet.  Dev.  Tech., 
BSS,  pp.    142-147. 

'  LeRoy  H.  Hines,  Some  Aspects  of  Unit  Operation  of  Oil  and  Oas 
Pools  and  Fields,  V.  S.  Geological  Survey,  1934,  pp.  25  and  28. 

"  For  example,  in  parts  of  west  Texas  and  western  Kansas  a  single 
ranch  encompasses  an  entire  pool.  In  both  of  the  Kettleman  Hills  unit 
agreements  the  Federal  Government  was  the  dominating  influence  in 
bringing  about  unit  operation, 

"  In  addition  to  a  plan  of  efficient  extraction  and  of  equitable  appor- 
tionment, the  procedure  should  make  provision  for  allocating  the  costs 
incident  to  exploratory  development ;  for  other  suggestions  see  C.  M. 
Neckerson,  "Cooperative  Development  Plan  for  Buena  Vista  Hills  Oil  and 
Gas  Field,  Kern  County,  California,"  A.  I.  il.  M.  E.,  Pet.  Dev.  Tech., 
isarr,  pp.  183-91 :  O.  E.  Kiessling,  "Cooperative  Development  of  Oil 
Pools,"  A.  I.  M.  il.  E.,  Pet.  Dev.  Tech.,  1927,  pp.  779-81 ;  Joseph  Jensen, 
"Unit  Operation  in  California,  with  Discussion  of  Kettleman  North 
Dome  Association,"  A.  I.  M.  il.  E.,  Pet.  Dev.  Tech.,  1931,  p.  86. 
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Effective  unit  operation  requires  tlie  compulsory 
pooling  of  both  operatinj;  and  lease  interests.  Such 
an  arranfreinent  undoubtedly  would  require  State  legis- 
lation providing  for  unit  agreements  and  new  lease 
forms  to  replace  present  lease  obligations.'^  By  requir- 
ing miiform  arrangements  the  State  facilitates  greater 
returns  to  individual  land  owners.'''  In  the  application 
of  a  unit  scheme  the  law  can  declare  tlie  correlative 
rights  of  the  various  owners  in  the  pool,  and  can  nuike 
the  respective  owners  tenants  in  common  on  the  basis  of 
proportional  determination  of  the  contents  of  the  pool.'* 
Compulsory  cooperation  among  adjacent  land  owners 
is  a  well-known  legal  procedure.  For  many  centuries 
it  has  been  a  recognized  function  of  government  to 
prescribe  regulations  for  tiie  better  and  more  economi- 
cal management  of  properties  which  adjoin  or  for  some 
other  reason  can  be  better  managed  or  improved  by 
joint  operation.^"  The  police  powers  of  the  State  clearly 
extend  to  the  conservation  of  its  natural  resourcei:;.'" 
Under  their  police  power  the  States  can  prescribe  meth- 
ods for  the  extraction  of  oil  and  gas  from  a  common 
pool  on  either  of  two  bases:  to  protect  the  public  in- 
terest against  waste,  and  to  insure  a  just  disti'ii>ution 
among  collective  owners.'' 

A  voluntary  unit  ojji'ration  scheme  has  been  demon- 
strated to  be  inadequate  for  the  purpose  of  achieving 
important  gains  in  oil  conservation  on  a  Nation-wide 
or  State-wide  basis.  A  voluntary  scheme  is  easily 
blocked  or  may  be  subject  to  dissolution  because  of  the 
lack  of  trust  among  the  participators.  In  the  United 
States  owners  of  diversified  lands  have  not  shown  much 
willingness  to  form  unit  schemes.'*  In  many  respects 
voluntary  imit  operation  is  more  desirable  than  com- 
pulsory unit  operation,  but  it  cannot  be  achieved  except 
in  rare  instances. 

Effective  unit  operation  rec[uires  the  combining  of  all 
titles  or  interests  in  the  area  so  that  it  may  be  develof>ed 
and  operated  as  one  property  for  the  benefit  of  all  in- 
terested parties.     The  unitized  area  should  be  developed 


*-  New  lease  forms  should,  for  ciainplo,  excuse  the  lessor  from  the 
necessity  of  diilliiig  a  weU. 

^  It  would  not  be  necessary  for  each  lease-holder  to  drill  a  test  well. 

"Earl  Oliver,  "Can  the  Rule  of  Capture  Be  Rationalized?"  A.  I.  M. 
U.  E.,  Pet.  Dev.  Tech.,  insn,  p.  l.^jl  ;  Charles  G.  Haglund.  "The  New 
Conservation  Movement  with  Respect  to  Petroleum  and  Natural  Gas." 
22  Kintuckj/  Law  Journal,  504.  505    (May  la.M). 

'=  Oliver,  op.  cit.,  p.  143. 

'» "Under  these  powers  the  State  LegLslaturc  may  regulate  and  re- 
strict the  use  and  enjoyment  by  land  owners  of  the  natural  resources 
of  the  State,  such  as  oil,  so  as  to  protect  them  from  waste  and  prevent 
the  infringement  of  the  rights  of  others.  Such  legislation  does  not  in- 
fringe the  constitutional  prohibitions  against  taking  of  property  with- 
out due  process  of  law.  denial  of  the  equal  protection  of  the  laws,  or 
taking  pro|ierty  without  Just  compensation."  Hines,  op.  cit.,  p.  11,  and 
cases  cited  there. 

"  Mines,  op.  cit.,  p.  12  and  cases  cited  there. 

^  See  Oliver,  op.  cit.,  p.  147 ;  V.  S.  Bureau  of  Mines,  "Conservation  of 
Petroleum  and  of  Natural  Gas,"  p.  20  :  Hines,  op.  cit.,  p.  1,3. 
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as  if  it  were  a  single  tract  held  under  a  single  oil  and 
gas  lease.'" 

The  advantage  of  coiii|)uisory  unit  operation  is  con- 
sidered so  great  that  England,  in  making  provision  for 
any  possible  oil  field  which  may  be  discovered  in  Great 
Britain,  has  provided  in  the  British  Petroleum  Kegu- 
lations  of  Maj'  15,  1935,  for  cooperation  among  lessees 
of  one  geological  unit,  to  be  effective  at  first  voluntarily, 
failing  which  the  Government,  through  the  Board  of 
Trade,  has  the  power  to  recjuire  unit  operation  subject 
to  the  right  to  arbitration.-" 

Under  unit  operation  wells  would  be  spaced  accord- 
ing to  the  conditions  of  the  reservoir  without  any  re- 
gard to  property  lines.  Offset  drilling,  of  course, 
would  be  abolislied.  Unit  operation  would  make  it 
possible  to  begin  operations  with  a  few  wells  and  to 
drill  additional  ones  as  the  more  complete  discovery  of 
reservoir  conditions  made  such  action  advisable. 

Within  a  field  all  operations  would  be  governed  by 
proper  methods.  The  same  production  procedure 
would  be  followed  under  comparable  conditions. 
Moreover,  withdrawals  from  the  reservoir  could  depend 
upon  changes  in  reservoir  conditions  and  not  upon  any 
necessity  of  avoiding  drainage  to  adjacent  properties. 
Maximum  recovery  could  be  accomplished  by  coordi- 
nated operation  of  wells. 

These  characteristics  of  unit  operation  would  not 
achieve  a  great  degi'ee  of  conservation  unless  linked 
with  scientific  control  of  the  field.  The  geologic  data 
should  l)e  collected  immediately  upon  the  discovery  of 
a  new  field.  The  field  should  be  defined  and  reservoir 
conditions  determined  before  commercial  production  is 
undertaken.  Earely  is  such  a  i)rocedure  followed  even 
under  unit  operation,  because  the  invested  capital  de- 
mands a  quick  return.-'  If  commercial  production  is  be- 
gun gradually,  however,  satisfactory  information  can 
be  collected  concurrently.  Production  procedures 
should  var}-  with  the  performance  of  test  wells.  Com- 
mercial production  can  be  undertaken  through  a  mini- 
mum of  producing  wells,  although  in  addition,  a  num- 
ber of  observation  wells  will  be  needed  in  order  to  keep 
a  running  check  on  fluid  movements  in  the  reservoir. 
Such  information  will  allow  production  to  be  distrib- 
uted so  as  to  maintain  the  field  in  fluid  balance.  Ee- 
peated  analyses  of  the  physical  properties  of  the  oil  and 


"  Hines.  op.  cit.,  p.  8.  It  might  be  possible  to  achieve  a  kind  of  unit 
operation  by  the  pooling  of  operating  interests  alone,  but  in  that  event 
tile  State  would  liave  to  stand  ready  to  force  the  pooling  of  lease 
interc  sts  if  the  various  le.ise  holders  did  not  come  to  terms  with  each 
other. 

"■Ely,  51  Harvard  Law  Review  1244 ;  Sir  John  Cadman,  op.  cit.,  p.  2. 

^  Gibson,  op.  cit.,  p.  539.  Such  procedure  was  followed  in  the  devel- 
opment of  th5  Kirkuk  field  in  Irak.  Gibson  suggests  tliat  the  following 
information  be  obtained  before  commercial  withdrawal  :  Size  and  shape 
of  reservoir,  position  of  gas-oil  level,  position  of  oil-water  level,  char- 
acteristics of  oil  bearing  information,  and   physical  properties  of  crude. 
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gas  are  necessary  in  determining  production  methods, 
vrhich  can  be  varied  as  operations  proceed." 

Basis  for  sharing  royalties. — The  greatest  difficulty 
in  setting  up  a  scheme  of  unit  operation  is  the  determi- 
nation of  a  basis  for  sharing  the  net  receipts.  Certainly 
the  lessees'  royalties  will  not  depend  upon  well  locations. 
In  general,  three  bases  have  been  suggested:  oil  in 
place,  acreage,  or  some  combination  of  these  two. 
Equity  would  seem  to  dictate  that  a  property  owner's 
royalty  depend  upon  the  oil  in  place  in  the  section  of 
the  reservoir  under  his  land.  Although  some  doubt  the 
feasibility  of  arriving  at  satisfactory  estimates  of  oil  in 
place,  informed  opinion  is  that  the  contents  of  parts  of 
the  reservoir  can  be  so  determined  during  the  course  of 
production."  Though  courts  have  been  slow  to  ac- 
cept engineering  estimates  of  recoverable  reserves  from 
a  common  reservoir,  the  Supreme  Court  of  Texas  in 
Broion  vs.  Humble  Oil  and  Refining  Company  "  has 
made  express  reference  to  the  fact  that  while  these  esti- 
mates may  contain  error,  they  are  nevertheless  the  basis 
on  which  the  various  units  of  the  oil  and  gas  industry 
risk  their  money,  and  that,  therefore,  these  estimates 
may  with  justification  serve  as  the  basis  for  allocating 
production.-'  Basing  royalties  upon  estimates  of  oil  in 
place  does  not  necessarily  mean  that  the  owner  will  re- 
ceive no  return  after  production  stops  on  his  or  adjoin- 
ing properties.-*  The  production  methods  adopted  by 
the  pool  management  probably  would  result  in  oil  and 
gas  migrating  from  one  part  of  the  pool  to  another. 
Furthermore,  unit  operation  would  provide  for  the 
sharing  of  crude  oil  receipts  among  owners  whose  prop- 
erty lay  entirely  over  the  gas  caj)  or  for  some  basis  of 
equating  the  oil  and  gas  in  the  same  reservoir. 

In  small  fields  or  within  imit  sections  of  an  oil  and 
gas-bearing  structure,  royalty  rights  might  be  justly 
based  upon  acreage.  Thus,  in  well-spacing  orders  for 
incorporated  communities,  adjoining  property  owners 
who  were  forbidden  the  right  to  wells  were  allowed  to 
share  on  an  acreage  basis  in  the  oil  royalties  obtained 


^  IMd. 

"3.  E.  Parten,  Oil  Weekly,  December  IS.  1031,  pp.  69-71,  holds  that 
engineers  cannot  determine  oil  in  place  ;  the  opposing  view  is  expressed 
by  Earl  Oliver,  op.  cit.,  p.  142.  Moreover,  in  1931,  16  engineers  who 
were  considered  qualified  to  express  an  opinion  on  determining  an  "ex- 
tractable  acreage  content"  reported  in  answer  to  a  questionnaire  from 
Oliver  that  methods  could  be  devised  to  measure  the  relative  content  of 
adjacent  tracts  in  a  common  pool.  See  Earl  Oliver,  "Stabilizing  Influ- 
ences for  the  Petroleum  Industry."  A.  I.  M.  M.  E.,  Pet.  Dev.  Tech., 
19S2,  pp.  22-37;  also  quoted  in  Petroleum  Investigation,  19Si,  p.  1271. 

«126  Tex.  296,  83  S.  W.   (2d)   935  (1935). 

==  Oliver  has  described  the  engineering  appraisal  method  of  estimating 
recoverable  acreage  content  as  being  based  upon  information  "on  the 
reservoir  and  its  contents,  such  as  thickness  and  extent  of  producing 
sand,  its  porosity,  permeability,  and  saturation  :  pressure  in  the  reser- 
voir; potential  capacity  of  wells;  and  many  other  factors  that  must  be 
weighed  and  evaluated  in  formulating  estimates."  Oliver,  A.  I.  H. 
U.  E..  Pet.  Dei-.  Tech.,  1DS7,  p.  142. 

•'This  thesis  is  advanced  by  E.  H.  Griswold,  "Oil  and  Gas  Content 
As  Standard  of  Land  Owner's  Rights,"  A.  I.  M.  it.  E.,  Pet.  Dev.  Tech., 
19S.i.  pp.   40-44. 


from  the  wells  allowed  within  the  block  or  well-spacing 
unit.^'  Moreover,  dividing  royalties  within  well-spac- 
ing units  according  to  acreage  has  been  applied  to  rural 
areas  in  Oklahoma  and  may  be  used  in  Arkansas,  New 
Mexico,  and  Louisiana.-*  An  acreage  basis  of  allocat- 
ing receipts  for  an  entire  structure  has  been  proposed 
by  geologists.-^ 

As  another  alternative,  royalties  might  be  shared  on 
the  basis  of  oil  in  place  modified  by  an  acreage  factor. 
Thus,  O.  E.  Kiessling,  of  the  United  States  Bureau 
of  Mines,  proposed  that  royalties  be  allocated  one-third 
in  proportion  to  acreage  and  two-thirds  in  proportion  to 
oil  in  place  as  indicated  by  potential  recoverable  con- 
tent.^" Alexander  Sachs  and  Joseijh  E.  Pogue  recently 
suggested  that  allocation  be  based  upon  a  formula  con- 
taining both  potential  production  of  the  lease  and  acre- 
age of  the  lease.^^  The  State  proration  regulations  in 
Arkansas  provide  that  allowable  production  be  based 
half  on  acreage  and  half  on  reservoir  pressure  as  indi- 
cated by  changes  in  bottom  hole  pressures.^-  Another 
rule  based  half  on  acreage  and  half  on  potential  has 
been  adopted  in  many  instances  by  the  Texas  Railroad 
Commission. ^^ 

One  of  the  most  difficult  jDroblems  in  connection  with 
the  sharing  of  royalties  under  a  unit  operation  arrange- 
ment is  the  rewarding  of  owners  of  the  gas  cap  or  of 
lands  located  above  the  edge  of  the  water  drive  (the 
oil-water  contact  line).  Although  this  problem  is  not 
solved,  it  has  been  suggested  that  the  State  might  re- 
quire the  postponement  of  production  until  the  energy 
in  the  gas  cap  is  measured  and  until  a  plan  is  devised 
for  compensating  the  owners  by  their  sharing  in  the 
production  from  the  other  districts  in  the  field  on  some 
proportionate  basis.'^    Similar  arrangements  might  be 


"  Such  units  were  set  up  in  Oxford,  Kans.,  by  the  city  council ;  in 
South  Houston,  Tex.,  hy  the  Texas  Railroad  Commission ;  and  in  Okla- 
homa City,  by  the  Oklahoma  Corporation  Commission. 

=*  The  Oklahoma  statute  requires  that  "in  the  event  a  producing  well 
or  wells  is  completed  upon  a  unit  where  there  are  two  or  more  sepa- 
rately owned  tracts  any  royalty  owner  or  group  of  royalty  owners, 
holding  the  royalty  interest  under  a  separately  owned  tract,  shall  share 
in  one  eighth  of  all  the  production  from  the  well  or  wells  drilled  within 
the  unit  in  the  proportion  that  the  acreage  of  their  separately  owned 
tract  bears  to  the  entire  acreage  of  the  unit."  R.  L.  1935,  52  Okla. 
St.  Ann.  par.  87,  subd.  (c).  This  law  was  upheld  in  Patterson  vs. 
Stanolind  Oil  and  Gas  Company,  77  Pacific  (2d)  83.  See  also  Ely,  51 
Harvard  Law  Reiieic  1235. 

=»  See  O.  E.  Kiessling.  "Cooperative  Development  of  Oil  Pools," 
A.  I.  M.  M.  E.,  Pet.  Dev.  Tech.,  19Z!,  p.  781 ;  and  Fay  L.  Wright,  "Some 
Economic  Aspects  of  the  Community  Oil  Lease."  A.  I.  M.  M.  E.,  Pet. 
Dec.  Teeh.,  1925,  pp.  769-778. 

•°  Kiessling.  op.  eit.,  p.  7S0. 

"  "Internal  Problems  of  Proration  in  Oil  Conservation,"  Transcript 
of  Proceedings  of  the  Interstate  Oil  Compact  Commission,  July  29,  1938, 
pp.  29-30. 

==  Report  of  A.  M.  Crowell,  Chief  Conservation  Agent,  State  of  Ar- 
kansas, to  Dr.  George  C.  Brenner,  Chairman,  Executive  Committee,  State 
Planning  Board,  Little  Rock,  Arkansas  (Sept.  1,  1938),  for  submission 
to  the  National  Resources  Committee. 

"  For  example,  the  new  Sun  field  in  Starr  County.  Journal  of  Com- 
merce, Nov.  28,  1938,  p.  23. 

^  Cf.  Ely,  51  Harvard  Law  Review  1239. 
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made  for  spreading  over  the  field  the  expense  of  rein- 
jecting excess  water  produced  by  edge-water  districts.^' 

Probably  the  importance  of  the  gas  cap  in  most 
structures  has  been  overemphasized.  Usually  the  pro- 
portion of  energy  in  free  gas  is  small  in  comparison 
with  total  reservoir  energy.  Ben  E.  Lindsly  has 
pointed  out  that  "the  exaggerated  idea  of  this  gas  cap 
energj-  held  by  many  probably  is  caused  by  the  fact 
that  the  energy  in  the  gas  cap  is  continually  replen- 
ished by  gas  energy  which  comes  from  gas  liberated 
from  solution  in  the  oil.  To  allow  the  gas  cap  area  all 
of  the  gas  and  gas  energy  which  it  originally  contained 
and  all  of  the  gas  and  gas  energy  which  it  draws  from 
other  parts  of  the  property  would  be  rank  injustice  to 
the  owners  of  the  oil  portions  of  the  structure." 

Although  the  evaluation  of  the  gas  cap  in  relation  to 
the  oil-bearing  parts  of  the  structure  is  not  a  simple 
problem,  surely  a  satisfactory  method  of  equating  the 
values  of  free  gas  and  oil  in  the  reservoir  could  be 
found. ^^  Ben  E.  Lindsly  lias  proposed  that  each  "tract 
be  credited  for  both  the  amount  of  energy  in  foot 
pounds  and  the  amount  of  oil  that  it  is  capable  of  con- 
tributing to  the  common  pool.  A  satisfactory  formula 
could  be  worked  out  for  converting  energy  credits  into 
oil  credits.^"* 

The  solution  of  tliis  problem  might  include  legislation 
b}-  the  State  providing  that  the  reservoir  encrgj'  should 
be  conunon  property  of  all  owners  of  mineral  rights  in 
a  pool.'"  Or  the  State  through  the  legislature  or  courts, 
as  a  police  measure,  might  require  the  deferring  of  the 
use  of  fi-ee  gas  at  the  top  of  the  pool  until  all  the  recov- 
erable crude  oil  has  been  obtained,  at  which  time  the 
owners  of  the  gas  cap  would  share  in  the  royalties  from 
the  production  according  to  the  original  location  of  the 
gas.''  The  arrangements  necessai-y  to  solve  this  prob- 
lem of  rewarding  the  owners  of  the  gas  cap  under  unit 
operation,  which  would  necessitate  the  postponement 
of  production  from  the  gas  cap,  ai'e  matters  for  State 
legislation.  Already  the  police  power  of  the  State  has 
been  held  to  cover  the  regulation  or  restriction  of  pro- 
duction with  a  view  to  preventing  unreasonable  and 


»  "The  suggestion  has  been  made  in  the  East  Texas  field  that  a  sani- 
tary district  be  formed,  to  dispose  of  water  produced  by  oil  wells  by 
means  of  reinjcction."     Ibid. 

"  Some  have  held  that  this  cannot  be  done  satisfactorily.  For  ex- 
ample, see  the  statement  of  .T.  O.  Lewis,  formerly  of  the  U.  S.  Bureau 
of  Mines  and  at  that  time  of  Dunn  and  Lewis,  Tulsa,  Okla.,  before  the 
forum  on  reservoir  energy,  .-1.  /.  If.  il.  E.,  Pet.  Dev.  Tech.,  19SS,  p.  23. 
On  the  other  hand.  Ben  E.  Lindsly,  senior  petroleum  engineer  of  the 
U.  S.  Bureau  of  Mines,  has  held  that  a  fair  appraisal  of  a  tract  for 
unit  operation  was  feasible.  Ibid.,  p.  24.  See  also  a  statement  of  J.  A. 
Veasey,  general  counsel  of  the  Carter  Oil  Co.     Ibid.,  p.  26. 

«»»  Correspondence,  February  1939. 

'•  See  suggestion  of  J.  P.  Umpleby,  ibid.,  p.  23. 

''  It  has  been  suggested  that  the  Cedar  Rust  case  furnished  a  prece- 
dent which  would  allow  the  State  to  condemn  the  use  of  free  gas  at 
the  top  of  the  structure  it  the  production  of  that  gas  led  to  waste  of 
the  more  valuable  crude.  See  statement  of  J.  A.  Veasey,  op.  cit.,  p.  26 ; 
and  comment  by  W.  S.  Farish,  at  that  time  president.  Humble  Oil 
Refining  Co..  p.  27. 


wasteful  production,  as  well  as  injury  to  others.'"  It 
could  probably  be  extended  to  require  complete  post- 
ponement of  use  or  joint  sharing  among  owners  of  oil 
and  of  gas  in  the  same  oil  and  gas  pool. 

Other  difficulties  in  unit  operation. — ^A  system  of  unit 
operation  can  be  introduced  into  an  old  oil  or  gas  field, 
but  its  effect  cannot  be  made  retroactive.  It  can  appar- 
ently apply,  however,  to  the  operation  of  existing  wells, 
as  well  as  to  any  extensions  of  the  field."  Under  com- 
pulsory unit  operation  State  regulatory  commissions 
might  well  require  the  closing  of  some  wells  when  the 
plan  is  set  up  in  fairly  new  fields  and  the  sharing  of 
royalties  from  the  remaining  producing  wells  among 
property  owners  in  the  pool  unit. 

Some  have  claimed  unit  operation  might  constitute 
an  undue  granting  of  monopoly  power  to  a  few  com- 
panies with  a  consequent  restriction  of  production  and 
raising  of  price  of  crude  oil  or  natural  gas.*^  This 
might  in  some  regions  become  a  serious  possibility,  al- 
though no  single  operator  or  combination  of  openitors 
would  control  a  much  larger  percentage  of  total  output 
than  is  already  the  case.''-  In  any  event,  unit  operation 
should  involve  continued  Government  inspection  and 
regulation.  During  the  early  operation  of  unitization 
on  large  structures  there  undoubtedly  would  bo  many 
disputes  which  would  lead  to  considerable  litigation 
over  the  determination  of  oil  in  place  and  the  extent  of 
drainage."  Under  a  compulsory  sj-stem,  however,  the 
litigation  would  probably  be  less  than  under  a  volun- 
tary system,  where  it  might  be  to  the  interests  of  cer- 
tain individuals  to  break  the  unit  agreement."* 

Major  advantages  of  unit  operation. — Unit  operation 
facilitates  the  general  adoption  in  an  oil  field  of  the 
best  current  engineering  and  production  practices.  It 
does  not,  of  course,  guarantee  these  practices,  since  they 
are  partly  a  result  of  effective  State  regulation  and  of 
intelligent  local  management.  Preliminary  exploration 
can  discover  the  extent  and  nature  of  the  pool,  and  con- 
tinued measurements  can  give  a  guide  to  the  most  effec- 
tive production  procedure.  Unit  operation,  for  exam- 
ple, will  allow  production  at  various  rates,  the  use  of 
wells  for  somewhat  different  purposes,  the  spacing  of 
wells  in  relationship  to  the  contour  of  the  pool,  the 
abandonment  or  shutting  in  of  wells  as  water  or  gas 


*  See  discussion  by  W.  P.  Z.  German,  general  attorney,  Skclly  Oil 
Co..  op.  cit.,  p.  25. 

'"This  would  seem  to  follow  from  the  Patterson  vs.  StanoHnd  Oil 
and  Oas  Compan;/  case,  where  a  system  of  well  spacing  was  introduced 
in  an  operating  field  hut  where  the  pooling  or  royalties  among  ditlerent 
landowners  in  the  same  tract  dated  only  from  the  well-spacing  order 
of  the  State  commission.     77  Pacific   (2d)   83. 

"For  example,  the  statement  by  J.  E.  Parten,  op.  cit.,  pp.  69-71. 

"  nines  has  stated  that  a  real  unit  of  production  is  usually  small  and 
that  most  unit  pool  plans  would  Include  numerous  landowners,  royalty 
owners,  and  operators.     Ilines,  op.  cit.,  p.  9. 

"  Parten,  loc.  cit. 

"  See  discu.«sion  by  E.  H.  Griswold,  op.  cit.,  p.  43. 
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ratios  become  excessive,  and  the  adoption  of  pressure 
maintenance  or  other  secondary  methods  of  recovery. 
Superior  engineering  procedures  applied  under  unit 
operation  make  possible  tlie  conservation  of  reservoir 
energy  and  maximum  recovery  of  oil.  In  addition,  a 
greater  percentage  of  the  lighter  fractions  of  the  crude 
can  be  recovered  by  keeping  all  the  dissolved  gas  in 
solution.''  Of  course,  production  control  for  the  pur- 
pose of  maximum  recovery  i-equires  rates  of  operation 
lower  than  occur  in  competitive  production.  Aside 
from  reducing  underground  waste,  less  speed  means 
less  waste  in  accidents  and  in  losses  of  oil  at  the  surface 
through  fires  or  through  wells  getting  out  of  control.'" 

Thus  unit  operation  can  lead  to  the  reduction  of  pro- 
duction costs  by  eliminating  unnecessary  drilling,  by 
maximum  utilization  of  reservoir  energy  for  lifting  oil 
to  the  surface,  by  avoiding  a  high  initial  peak  in  capital 
investment  and  surface-plant  equipment,  which  is  ordi- 
narily in  use  only  a  short  time,  by  avoiding  a  similar 
peak  demand  for  auxiliary  services,  such  as  roads,  water 
supply,  and  staff  accommodation,  and  by  offering  possi- 
bilities for  research  and  constant  checking  on  production 
methods."  Savings  in  capital  investment  in  compari- 
son with  the  usual  competitive  development  of  a  field 
would  appear  to  be  enormous.  It  was  estimated  in  May 
1930  that  "if  the  Oklahoma  City  field  could  have  been 
fully  unitized,  development  costing  $3,000,000  could 
have  produced  as  much  income  to  date  as  the  $32,500,000 
now  in  completed  wells,  to  say  nothing  of  the  $37,500,000 
in  the  course  of  being  spent."  *^ 

In  addition  effective  unit  operation  plans  must  be 
based  on  an  extensive  knowledge  of  underground  re- 
serves. Indeed  one  of  the  distinctive  features  of  unit 
operation  is  the  careful  detei-mination  of  the  pool  lim- 
its. By  greater  preliminary  exploration,  unit  operation 
tends  to  increase  known  reserves.  This  substitution  of 
greater  proven  reserves  for  the  usual  flush  production 
results  in  savings  of  storage  tanks,  the  avoiding  of 
evaporation  losses,  and  in  considerable  measure  the  elim- 
ination of  fire  risks.    Moreover,  excessive  products  may 


«  Gibson,  op.  cit.,  p.  5')7.  "In  order  to  keep  losses  due  to  capillarity 
and  adhesion  to  a  minimum,  ther.'ture,  it  is  necessary  to  maintain  a 
surface  tension  of  the  crude  at  as  low  a  yalue  as  possible ;  and  this 
can  only  be  achieved  by  keeping  all  dissolved  gas  in  solution. 

"Only  in  the  most  permeable  formations  can  a  reasonable  production 
rate  be  attained  without  assistance  from  some  other  source  of  energy, 
but  by  keeping  all  dissolved  gases  in  solution  the  viscosity  of  llie  oil 
remains  at  its  lowest  possible  value  and  a  minimum  of  assistance  will 
be  required." 

«Cf.  Gibson,  op.  cit.,  p.  5S6. 

"  Sir  John  Cadman.  op.  cit..  pp.  2-3 ;  Gibson,  op.  cit.,  p.  536 ;  OiJ  and 
Oas  Journal,  July  7,  1938,  p.  70. 

« A  statement  by  Mr.  W.  N.  Davis,  vice  president  of  the  Phillips 
Petroleum  Company  and  vice  president  of  the  American  Petroleum  In- 
stitute, as  quoted  in  C.  E.  Fraser  and  G.  F.  Doriot.  Analyzing  Our 
Industries  (New  Tork,  1932),  p.  417.  n.  2.  For  the  advantages  of  coor- 
dinated development  in  the  Dominguez  Hills  field  and  the  Belvedere 
Gardens  in  southern  California,  see  Wright,  op.  cit..  pp.  7C9-TTS,  .".nd 
Federal  Oil  Conservation  Board.  Report  I  to  the  President  of  the  United 
States,  me,  pp.  18-19. 


be  returned  to  the  reservoir.*^  Unit  operation  possesses 
a  further  advantage  in  that  it  sets  up  an  arrangement 
by  which  production  can  be  easily  and  scientifically  re- 
stricted.''°  Production  quotas  can  be  allocated  among 
pools,  and  the  question  of  the  production  of  the  pool's 
allowed  amount  can  be  determined  from  the  viewpoint 
of  efficiency  by  the  pool's  management.  It  would  pre- 
sumably never  be  necessary  to  unduly  restrict  the  pro- 
duction of  any  well  because  the  drilling  of  an  excessive 
number  of  holes,  such  as  occurs  under  flush  production, 
would  be  avoided. 

For  the  individual  property  owner  unit  operation  is 
desirable  because  it  facilitates  remuneration  according 
to  a  more  acurate  determination  of  oil  in  place  and 
leads  to  a  greater  recovery  of  this  oil  and  at  lower  costs. 
Thus,  in  the  long  run,  his  net  return  should  almost 
always  be  greater  than  under  a  system  of  competitive 
drilling.^' 

Extent  of  adoption. — Unit  operation  is  invariably 
practiced  in  those  countries  where  mineral  rights  are  the 
property  of  the  State  or  where  concessions  covering 
large  areas  are  given  to  single  operating  companies. 
Thus,  in  Soviet  Russia,  unit  o]:3eration  is  practiced  by 
State  trusts,  and  in  the  major  fields  of  Iran.  (Persia) 
and  Iraq  unit  operation  is  practiced  by  the  foreign  oil 
companies  which  liold  concessions  in  these  two  coun- 
tries. Unit  operation  is  regarded  so  highly  by  British 
oil  companies  that  they  were  partially  responsible  for 
the  enactment  in  Great  Britain  of  a  law  whereby  unit 
development  may  be  enforced  in  the  event  petroleum  is 
discovered  in  commercial  quantities.'-  Unit  oiieration 
is  also  practiced  in  parts  of  Venezuela,  where  foreign 
oil  companies  hold  large  contiguous  blocks  of  leases. 

Voluntary  unit  operation  has  been  practiced  in  the 
United  States  for  many  years  and  particularly  since 
about  1927,  when  a  period  of  overproduction  stimulated 
interest  in  unit  control  as  a  stabilization  device.  Per- 
haps as  many  as  30  pools  or  sections  of  pools  are  oper- 
ated under  some  kind  of  uiiit  management  at  the  pres- 
ent time,  but  these  make  up  a  very  small  percentage  of 
tlie  total  production.''^ 


«  Thus,  from  1929  to  1936  the  Anglo-Iranian  Oil  Company  returned 
a  total  of  approximately  30  million  barrels  of  products  to  the  Masjid-i- 
Sulaiman  reservoir.  Such  products  are  blended  at  the  surface  before 
return  to  the  reservoir.  Cadman,  op.  cit.,  pp.  5-6.  A  demonstration  in 
Tulsa  County,  Okla..  was  described  in  the  yew  York  Times  (sec.  3,  p.  1). 
July  7,  1938. 

=»  Indeed,  unit  operation  was  first  proposed  as  a  means  of  stabilizing 
production ;  see  Hines,  op.  cit.,  p.  7.  During  the  period  of  flush  produc- 
tion in  East  Texas  in  1931-32,  unit  operation  was  again  advocated 
primarily  for  this  purpose.  Fraser  and  Dtoriot,  op.  cit.,  pp.  418-19. 
The  plan  has  also  been  used  for  this  purpose  in  gas  fields.  Oil  and 
Oas  .Journal.  May  19,  193S,  p.  38. 

"  Henry  M.  Bates.  "Some  Constitutional  Aspects  of  the  Oil  Problem." 
A.  I.  M.  M.  E..  Pet.  Dcv.  Tech.,  J.oj;.  p.  199  ;  and  L.  G.  E.  Bignell,  "Prob- 
lems from  Readers,"  Oil  and  Gas  Journal,  July  7,  1938,  p.  70. 

=••  Gibson,  op.  cit.,  p.  536. 

"  About  fifteen  pools  in  the  United  States  were  operated  as  units  in 
1927.     Ibid. 
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Many  of  tin.'  luoic  impoiiaiii  iiuii  schemes  in  the 
United  States  involve  Federal  land.  One  of  the  fii-st 
major  l(>j;ri<lali\e  muves  in  the  direction  of  unit  oper- 
ation in  the  United  States  was  the  enactment  by 
Congiess  of  a  law  applying  to  lands  belonging  to  the 
United  State?.''  Thin  1930  act  provided  for  only  vol- 
unlary  unitization  and  was  experimental  in  character. 
Legislation  of  a  permanent  character  relating  to  vokm- 
tarj'  unit  operation  was  passed  on  March  4.  li):U.'*''  An 
act  of  August  i!l,  1935,  provided  for  compulsory  unit- 
ization; under  tiiis  act  the  "Secretary  of  the  Interior, 
for  the  purpose  of  more  properly  conserving  tlic  oil 
or  gas  resources  of  any  area,  field,  or  pool,  may  re- 
quire that  leases  hereafter  issued  under  any  section 
of  this  Act  be  conditioned  upon  an  agreement  by  the 
lessee  to  operate,  under  such  reasonable  cooperative  or 
unit  plan  for  the  development  and  operation  of  any 
such  area,  field,  or  ])ool  as  said  Secretary  may  deter- 
mine to  be  practicable  and  necessary  or  advisable,  which 
plan  shall  adequately  protect  the  rights  of  all  parties  in 
interest,  including  the  United  States.'"'^-'' 

Under  the  Acts  of  1930  and  1931  the  Secretary  of  the 
Interior  approved  several  unit  plans  involving  Govern- 
ment lands.  I'nitization  was  ai)proved  where  the  pro- 
ductive area  of  the  field  could  be  delimited.'"  The  most 
important  of  these  plans  were  those  in  the  Kettleman 
Hills  field — at  the  North  Dome  and  at  the  Middle  Dome. 
Most  of  these  unit  plans  have  included  considerable 
private  land."  Despite  the  noninclusion  of  important 
minority  interests,  the  Kettleman  Hills  plans  undoubt- 
edly have  restricted  waste.  Thus  in  the  North 
Dome  Association,  which  worked  in  close  cooperation 
with  the  Standard  Oil  Co.  of  California,  and  had  direct 
or  indirect  control  over  95  percent  of  the  land  under 
structure,  wastage  of  natvu'al  gas  was  reduced  from  109 
billicm  cubic  feet  in  1930  to  3  billion  cubic  feet  in  1933. 
In  addition  to  the  savings  in  natural  gas,  the  ultimate 
recovery  of  oil  has  l)een  greatly  increased.^*  Unit  oper- 
ation of  ncAV  oil  fields  presunuvbly  might  have  been 
required  under  the  code  of  fair  competition  for  the 


f^The  act  of  .July  3.  lOIiO  (40  Slat.  100").  ninpiiding  sections  17  and 
27  of  thi>  act  of  February  2,1.  1920  (41  Stat.  4S7).  commonly  known 
ng  tlie  ".Mineral  Leasing  Act."     nines,  op.  cit.,  pp.  21-22. 

"The  net  of  Marcli  4,  1931  (46  Stat.  1523),  which  further  amended 
section  17  and  27  of  the  Mineral  Leasing  Act.     Ilines,  op.  cit.,  p.  22. 

"■•The  Act  of  August  21,  193.5   (49  Stat.  674),  Section  17. 

'^  These  plans  have  been  approved  where  the  field  Is  delimited  by  a 
contour  line  on  top  of  the  productive  sands ;  where  the  productive 
area  is  limited  to  the  portion  of  the  field  lying  above  a  stated  contour 
line,  including  lOacre  tracts  through  which  the  contour  passes ;  and 
where  the  productive  area  is  defined  as  that  lying  between  2  contour 
lines,  the  inner  line  being  the  Ijoundary  of  the  Irrcducllde  unitized  area 
and  the  outer  line  being  the  boundary  of  the  maximum  possible  pro- 
ductive limits  of  the  field,     nines,  op.  Ht.,  p.  23. 

*•  K.  E.  Collom  and  C.  I'.  Watson,  "Review  of  Developments  at  Kettle- 
man Hills,"  A.  I.  M.  M.  E.,  Pet.  Dec.  Tech.,  BSn,  pp.  195-213 ;  Hines, 
op.  cit.,  pp.  24-29 ;  and.  concerning  the  North  Dome  plan,  see  also 
Petroleum  Investigation,  K.-ii,  pp.   1260-6G. 

"Federal  Oil  Conservation  Board,  Report  V,  1932,  p.  50;  Miller  and 
Lindsly  in  Petroleum  Investigatinn,  1.93),  p.  1266;  Minerals  Yearbook, 
19S5j  p.  800. 


petroleum  industry,  since  that  code  provided,  among 
other  things,  for  the  operation  of  newly  discovered  fields 
in  accordance  with  the  plan  approved  by  the  President.'^ 
In  no  instance,  however,  did  the  President  require  new 
fields  to  be  operated  under  a  system  of  unitization. 

In  a  vei-y  restricted  manner  unit  operation  has  been 
adopted  and  approved  by  the  laws  and  regulations  of 
Arkansas,  Oklahoma,  New  Mexico,  and  Louisiana,  in 
the  sense  that  pooling  of  mineral  rights  within  well- 
spacing  units  can  be  required  by  the  regulatory  authori- 
ties of  the  States.  The  drilling  district  or  proration 
unit  seems  to  be  a  step  in  the  direction  of  compulsory 
unit  operation  of  the  entire  pool.""  All  that  seems  to 
be  necessary  is  that  the  State  require  that  the  wells  in 
adjoining  drilling  districts  be  operated  according  to 
standard  regulations  and  that  some  metliod  be  found 
of  compensating  the  owners  of  tlie  gas  cap. 

Widely  recommended. — Unit  operation  of  oil  and  gas 
pools  has  been  widely  recommended  by  geologists  and 
engineers,'"''  oil  producers,''^  lawyers,"'  economists,"'  and 

"'  National  Recovery  Act,  Code  ol  Fair  Competition  /nr  the  Petroleum 
Industry,  Article  IH.  Section  7,  p.  10. 

""Ely,  51  JIarrard  Law  Revicic  123.').  In  the  laws  providing  for 
unitization  of  tracts  within  proration  units,  there  is  a  difference  among 
the  states  in  degree  of  enforcement.  The  Oklahoma  law  forces  the  ma- 
jority interest  to  allow  the  minority  interest  to  share  the  cost  of  a  well 
and  the  production  therefrom.  The  laws  of  New  Mexico  and  Louisiana 
authorize  the  regulatory  commlssslon  to  require  the  pooling  of  tracts  it 
allowing  a  well  on  a  small  tract  would  result  in  wasle;  but  the  majority 
interest  can  refuse  to  pool  in  whicli  case  the  small-tratt  owner  is 
granted  a  well.  The  strongest  provision  Is  in  the  Arltansas  law  wh:cli 
states  that  the  commission  shall  require  owners  of  separate  tracts  within 
a  drilling  unit  to  integrate  their  interests.  Sec  Session  laws  of  these 
States. 

"'In  1929  the  petroleum  division  of  the  American  Inslllute  of  Min- 
ing and  Metallurgical  Kngineers  set  up  a  committee  to  study  unit 
operation.  The  following  year  this  committee  approved  of  unitization 
as  a  means  of  avoiding  w.tste  as  well  as  adjusting  production  to  demand 
and  further  as  an  opportunity  for  applying  improved  production 
methods;  see  Miller  and  Llndsly,  op.  cit.,  p.  1251,  and  A.  I.  M.  M.  E., 
Vet.  new  Tech.,  19.10,  p.  II.  An  investigation  in  1931  by  Earl  Oliver, 
chairman  of  the  A.  I.  M.  M.  E.  Unit  Operation  Committee,  also  indicated 
that  engineers  approved  of  unit  operation.  See  A.  I.  M.  U.  E.,  Pet. 
Dev.  Tech.,  1932,  pp.  22-37,  and  also  Petroleum  Investigation,  pp.  1271- 
1272.  Despite  their  approval  of  unit  operation  engineers  have  recog- 
nized the  difflculties  In  Its  adoption,  particularly  on  a  voluntary  basis. 
See  Leonard  Logan,  "Stabilization  of  the  Petrolenm  Induslry."  A.  I.  M. 
U.  E.,  Pet.  Dee.  Teth.,  19.11,  pp.  (ilS,  619,  624,  and  also  J.  I'.  L'mpleby, 
"Production  Engineering  in  1927,"  A.  I.  if.  M.  E.,  Pet.  Dev.  Tech., 
192H,  p.  20.  Some  geologists  hold  that  In  most  pools  unit  operation 
would  not  materially  increase  the  crude  oil  which  could  be  lifted  by 
the  reservoir  energy  and.  moreover,  tliat  it  would  not  lead  to  any 
materially  greater  ultimate  recovery.  Much  depends  upon  reservoir 
conditions  and  the  size  and  permeability  of  the  strata. 

'-  .\mong  businessmen  the  strongest  recommendation  of  unit  opera- 
lion  vas  that  made  by  Henry  L.  Doherty  in  1924,  See  A.  I.  M.  M.  E., 
Vet.  Dev.  Tech.,  192S,  p.  7 ;  also  Logan,  op.  cit.,  p.  140 ;  Federal  Oil 
Conservation  Board.  Public  Hearing,  May  1926.  Mr.  Doherty  recom- 
mended the  voluntary  pooling  of  leasing  interests.  Judge  C.  B.  An.es, 
chairman  of  the  board  of  the  Texas  Co.,  recommended  unit  operation  in 
1930,  but  pointed  out  that  the  system  would  be  very  diflicult  to  intro- 
duce and  that  In  his  opinion  it  could  not  be  compulsory  ;  C.  B.  Ames, 
"What's  the  Matter  With  the  Petroleum  Industry,"  American  Petroleum 
Institute,  Production  Bulletin  206,  1930,  p.  94  ;  also  quoted  in  Petroleum 
Inrestigalion,  p.  12.51.  .\.  L.  Beaty.  of  the  Texas  Co.,  had  propoFed  a 
voluntary  system  of  unit  operation  a  few  years  before  ;  see  William  J, 
KiMunitzer,  Rebirth  of  Monopoly,  p.  126.  An  English  authority,  C.  A.  P. 
Souihwell,  declared  that  the  only  way  of  achieving  maximum  ultimate 
recovery  at  minimum  cost  was  under  a  system  of  unit  control  whereby 
production  was  held  back  until  complete  scientific  data  indicated  the 
most  desirable  production  rates  ;  see  "Scientific  Unit  Control,"  Proceed. 
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Government  regulatory  bodies  "^  and,  in  most  instances, 
those  individuals  concerned  with  the  conservation  of 


ings  of  "World  Petroleum  Congress  of  19SS,  Geological  and  Production 
Sections,  pp.  304-309  ;  also  Watldns,  op.  oit.,  p.  140.  In  1931  J.  Edgar 
Pew  of  the  Sun  Oil  Co.,  in  addressing  the  American  Petroleum  Insti- 
tute said,  "I  do  believe  that  the  best  method  of  operating  an  oil  field 
can  only  be  reached  through  some  Itind  of  unit,  or  cooperative,  opera- 
tion. I  believe  that  75  to  90  percent  of  the  industry  believes  the 
same."  "Time  is  Ripe  for  Unitization,"  Oil  and  Gas  Journal,  Novem- 
ber 12,  1931,  p.  38.  Unit  operation  is  favored  by  H.  M.  Stalcup  of  the 
Skelly  Oil  Co.,  Oil  and  Oas  Journal,  May  19,  1938  ;  and  also  by  L.  J. 
Willien,  H.  E.  Bates,  G.  M.  Davidson,  and  R.  M.  Bussard  of  the  Ameri- 
can Gas  Association,  "Organization  of  the  Production,  Transportation, 
and  Distribution  of  Natural  Gas  and  Manufactured  Gas  by  Utilities,"' 
Third  World  Power  Conference,  sec.  2,  Paper  6,  p.  32. 

®  Compulsory  unit  operation  has  been  approved  by  Henry  M.  Bates, 
Dean  of  Michigan  Law  School,  op.  cit.,  pp.  199-201 ;  by  Donald  H. 
Ford,  "Controlling  Oil  Production,"  30  Michigan  Law  Review  1170 
(1932)  ;  and  Charles  G.  Haglund,  "The  New  Conservation  Movement 
with  Respect  to  Petroleum  and  Natural  Gas,"  22  Kentucky  Law 
Journal  1934,  pp.  564-565.  Haglund  points  out  that  unit  operation 
could  not  be  achieved  by  voluntary  agreements  alone  where  there  are 
a  great  many  surface  owners.  He  points  out  that  "legislation  would 
be  necessary  to  compel  joinder  in  unit  operation  when  the  majority 
or  some  greater  proportion  of  the  surface  owners  desired  to  so  operate 
the  pool."  Ford  further  points  out  that  unit  operation  does  not  re- 
quire the  merger  of  land  titles,  and  such  merger  probably  could  not  be 
compelled ;  yet  "if  the  petroleum  engineers  and  geologists  can  deter- 
mine the  surface  owners'  share  of  the  oil  in  the  pool  •  •  *  to 
the  satisfaction  of  the  courts  and  legislators,  there  would  seem  to  be 
no  reason  why  the  law  cannot  make  the  surface  owners  tenants  in 
common  of  the  oil  in  the  pool  and  thus  recognize  such  correlative 
rights  of  the  owners."  In  1928  a  committee  of  the  section  of  mineral 
law  of  tlie  American  Bar  Association  recommended,  in  connection  with 
the  unit  operation  of  oil  pools,  that  "if  the  police  power  of  the  oil- 
producing  States  is  to  be  invoked.  It  must  be  in  relation  to  a  plan  for 
the  compulsory  cooperative  development  and  operation  of  oil  pools." 
Federal  Oil  Conservation  Board,  Report  III  to  the  President  of  the 
United  States,  1929,  p.  34.  By  "compulsory  cooperative  development," 
this  committee  apparently  meant  that  the  State  could  force  a  minority 
of  operators  in  a  pool  to  take  part  in  a  plan  for  cooperative  develop- 
ment and  operation,  if  the  majority  of  the  operators  in  the  pool  had 
agreed  in  writing  upon  a  plan  and  if  they  had  attempted  to  secure  the 
adherence  of  all  interested  operators.  See  section  4  of  a  proposed  act 
to  provide  for  cooperative  development  and  operation.  Hid.,  p.  45. 
This  recommendation  that  the  State  police  power  be  used  to  force  a 
minority  of  interests  into  agreeing  to  a  cooperative  unit  scheme  was 
also  given  by  Haglund,  op.  cit.;  Haglund,  however,  appears  to  go  some- 
what farther  in  advocating  the  use  of  the  State  police  power  in  setting 
up  unit  operation.  Legal  bases  for  compulsory  unit  operation  have 
already  been  established,  according  to  Henry  M.  Gray  of  Jameson,  Gray, 
and  Gilmer,  "Need  Extension  of  Conservation  Laws,"  Oil  and  Oas  Jour- 
nal, July  23,  1931.  pp.  24  and  98.  Robert  E.  Hardwicke  also  approved 
of  unit  operation ;  see  "Legal  Aspects  of  Gas  Conservation,"  Oil  and 
Oas  Journal,  June  25,  1931,  p.  126.  Also  strongly  in  favor  of  operating 
each  oil  field  as  a  unit  are  Northcutt  Ely,  "Governmental  Regulation  of 
Oil  Production,"  A.  /.  M.  M.  E.,  Pet.  Dev.  Tech.,  liiirt,  p.  160  ;  and  W. 
P.  Z.  German  of  Skelly  Oil  Co.,  "Legal  Aspects  of  Unitized  Operations," 
Oil  and  Oas  Journal,  November  12,  1931,  p.   34. 

"  Compulsory  unit  operation  has  been  recommended  by  George  W. 
Stocking.  "Stabilization  of  the  Oil  Industry  ;  Its  Economic  and  Legal 
A.spects,"  American  Economic  Review,  Supplement,  March  1933,  p.  70; 
by  C.  E.  Fraser  and  G.  F.  Doriot,  op.  cit.,  p.  418 ;  and  by  Joseph  E. 
Pogue,  "Economic  Aspects  of  Unit  Operation  of  Oil  Pools,"  A.  I.  M.  M. 
E.,  Pet.  Dev.  Tech.,  mi,  pp.  93-05,  and  "The  Economic  Structure  of 
the  American  Petroleum  Industry,"  Tliird  World  Power  Conference, 
sec.  2,  Paper  5,  p.  6 ;  and  also  Peti-oleum  Investigation,  193i,  p.  1274. 
Voluntary  unit  operation  has  also  been  recommended  by  O.  E.  Kiessling, 
A.  I.  M.  If.  E.,  Pet.  Dev.  Tech.,  1927,  pp.  779-781,  and  appears  to  be 
approved  of  by  Myron  W.  Watkins,  op.  cit.,  p.  140. 

^  Unit  operation  on  a  voluntary  basis  was  many  times  recommended 
by  the  Federal  Oil  Conservation  Board ;  see  Report  I  to  the  President 
of  the  United  States,  19S6,  pp.  15-16;  Report  III  to  the  President  of 
the  United  States,  1S29,  p.  4  ;  Report  IV  to  the  President  of  the  United 
States,  1930,  pp.  17-24;  and  Report  V  to  the  President  of  the  United 
States,  1932,  p.  20.  In  the  last  report  the  board  stated  that  "a  race 
for  capture  militates  against  scientific  spacing  of  wells,  efficient  rates 
of  production,  and  against  maximum  recovery.  The  correction  lies  in 
coordination  of  operation  by  the  various  owners,  either  through   agree- 


oil  and  gas  and  the  operation  of  the  industry  have 
recommended  compulsory  unitization. 

Among  petroleum  geologists  and  engineers,  perhaps 
one  of  the  most  significant  recommendations  of  unit  op- 
eration is  that  of  H.  C.  Miller  and  Ben  E.  Lindsly,  of 
the  United  States  Bureau  of  Mines.  In  their  opinion, 
unit  operation  presents  no  insuperable  problems."^ 

Among  oil  producers,  one  of  the  strongest  endorse- 
ments of  unit  operation  was  that  by  C.  H.  Lieb, 
president  of  Carter  Oil  Co.,  in  an  address  in  May  1936 
before  the  midcontinent  section  of  the  American  Insti- 
tute of  Mining  and  Metallurgical  Engineers,  in  which 
Mr.  Lieb  advocated  wider  well  spacing  and  pressure 
maintenance,  as  well  as  unitization ;  or  modification  of 
the  rule  of  capture  so  as  to  permit  "and  wherever  pos- 
sible,    *     *     *    to  compel"  the  foregoing  practices.*' 

AccompIishm.ents. — The  greatest  achievements  of 
unit  operation  are  those  in  Persia  and  Iraq.  The  fields 
in  those  countries  have  produced  a  much  larger  percent- 
age of  their  oils  by  natural  means — that  is,  by  use  of 
reservoir  energy — and  have  been  characterized  by  costs 
considerably  less  than  those  in  the  United  States.'^* 

Oliver  and  Umplebj^  further  state  that  the  greater 
part  of  foreign  oil  is  produced  from  large  blocks  with 
the  competitive  feature  either  absent  or  very  materially 
reduced,  whereas  most  American  oil  is  produced  under 
comijetitive  conditions  of  waste  and  high  cost.''^  The 
great  advantage  of  unit  control  is  illustrated  by  the  op- 
eration of  the  Anglo-Iranian  Oil  Co.,  of  the  Masjid-i- 
Sulaiman  field  in  Persia.  From  February  1929  to  the 
end  of  1932,  no  well  in  that  field  '"has  ceased  natural  flow 
on  account  of  declining  pressure  or  of  diminished  drain- 
ae:e  from  the  reservoir  rock.    No  well  has  been  taken  off 


ment  or  because  of  exercise  of  the  sovereign's  authority."  Secretary  of 
Commerce  Lamout  in  an  address  before  the  American  Petroleum  Insti- 
tute, November  12,  1931,  proposed  uniform  state  laws  authorizing  unit 
operation  and  broad  regulatory  powers  for  enforcing  maximum  recovery 
methods.  New  York  Times,  Nov.  12,  1931,  p.  20.  In  addition  some 
State  authorities  have  recommended  compulsory  unit  operation.  For 
example,  see  report  by  A.  M.  Crowell,  chief  conservation  agent  of  Ar- 
kansas, to  the  Arkansas  State  I'lanning  Board,  September  1,  1938.  The 
Kansas  State  Planning  Board  has  recommended  compulsory  unit  opera- 
tion at  the  discretion  of  the  Kansas  State  Corporation  Commission ; 
see  Kansas  State  Planning  Board,  "Experience  of  Kansas  under  Petro- 
leum Production;  Control  and  Conservation  Measures"  (Nov.  1938),  pp. 
11-12,  in  a  report  submitted  to  the  National  Resources  Committee. 
Nathan  K.  Margold,  then  of  the  Petroleum  Administrative  Board,  held 
that  Congress  had  the  power  to  compel  scientific  development  of  an  oil 
field;  Petroleum  Investigation,  19ii,  p.  4S0.  John  W.  Frey  and  E.  B. 
Swanson  of  the  Petroleum  Conservation  Division  of  the  U.  S.  Depart- 
ment of  the  Interior,  have  pointed  out  that  uuit  operation  does  not 
necessarily  mean  good  operation ;  Petroleum  Administrative  Board, 
Operation  of  New  Pool  Plans  of  Orderly  Development  under  the  Code  of 
Fair  Competition  for  the  Petroleum  Industrt/,  1936,  p.  38.  They  are 
assuming  that  unit  operation  might  not  be  accompanied  by  the  best 
engineering  procedures.  Under  adequate  regulation,  however,  their 
assumption  would  be  invalid. 

^Petroleum  Investigation,  193i,  pp.  1271,  1306. 

"  Pogue,  Third  World  Poicer  Conference,  op.  cit.,  p.  20  n. 

°*  Earl  Oliver  and  J.  P.  Umpleby,  "Principles  of  Unit  Operation," 
A.  I.  M.  M.  E.,  Pet.  Dev.  Tech.,  1930,  p.  103.  Also  Miller  and  Lindsly, 
Petroleum  Investigation,  193i,  pp.  1254-1255. 

» Ibid. 
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production  on  account  of  ednre-water  cncroachnipnt,  noi- 
indeed  lias  edge  water  been  produced  in  any  production 
well.  A  certain  number  of  wells  have  gone  to  gas  and 
been  closed  in,  but  this  is  strictly  in  accordance  with 
our  system  of  operation:  the  dates  on  wliicli  such  wells 
have  gone  to  gas  have  corresponded  closely  with  esti- 
mates existing  4  years  ago,  and  replucenient  wells  have, 
where  necessary,  been  methodically  completed  in  ad- 
vance of  these  dates.  The  pressure  in  the  gas  dome  of 
the  Masjid-i-Sulaininn  field  has  dropped  only  5  pounds 
per  square  inch — apjiroximately  1  percent — during  the 
past  4  years,  although  a  production  of  nearly  20,000,000 
tons  has  been  drawn  from  the  field  during  that 
period.''"" 

Sir  John  Cadman  has  attributed  these  achievements 
largely  to  unit  operation,  supported  by  adequate  engi- 
neering standards. 

The  average  production  per  well  in  the  Kirkuk  field 
in  Iraq  and  in  the  Haft  Kell  field  in  Iran  (Persia)  in 
1935  was  nearly  50  times  the  average  production  per 
well  during  conditions  of  peak  production  in  1933. 
More  than  20,000  wells  in  east  Texas  were  used  to  ob- 
tain a  ]>roduction  of  205  million  barrels  in  1933,  wliereas 
in  the  Kirkuk  field  45  wells  were  sufficient  to  produce 
27  million  barrels  of  oil  in  1935,  and  in  the  Haft  Kell 
field  40  wells  were  sufficient  to  produce  27  million 
barrels  in  the  same  year.'^ 

As  already  indicated,  significant  achievements  of 
unit  operation  in  the  United  States  have  been  in  the 
Kettleman  Hills  field  in  the  San  Joaquin  Valley  in  Cal- 
ifornia, in  the  Belvedere  Gardens  and  Dominguez  Hills 
fields  in  southern  California,  in  the  Van,  Yates,  and 
Sugarland  fields  in  Texas,  the  Hobbs  field  in  Xew 
Mexico,  and  the  South  Burbank  and  other  Osage 
County  fields  in  Oklahoma.  The  difference  in  costs  of 
production  between  fields  developed  coopei-atively,  and 
those  developed  competitively  is  impressive.'- 

Kettlenuin  Hills  is  not  an  example  of  thoroughly  suc- 
cessful unit  operation,  mainly  because  unitization  was 
not  complete.  The  small  noncooperative  outside  inter- 
ests caused  much  unnecessary  waste;  practices  existed 
which  would  not  have  occurred  under  full  unit  opei'a- 
tion.  On  the  other  hand,  partial  unitization  made  it 
possible  to  avoid  many  wasteful  methods.  It  was  not 
by  accident  that  the  lowest  operating  costs  among  Cali- 


"Sir  John  Cadman,  "Persia,"  A.  I.  M.  M.  E.,  Pet.  Dev.  Tech.,  19S3, 
pp.  399-400. 

"  Sir  John  Cadman,  "Conservation  of  Petroleum,"  Third  World 
Power  Conference,  sec.  4,  Paper  12,  p.  3 ;  Minerals  Yearbook,  1937,  p. 
1022. 

^Petroldtm  Investigation.  193i.  pp.  12G0-C6 ;  Federal  Oil  Conserva- 
tion Board,  Report  I  to  the  President  of  the  United  States,  pp.  16-10; 
Oil  and  Oas  Journal,  July  7.  193S,  p.  24  ;  and  II.  E,  Rorschach  &  E.  G. 
Dahlgren,  'Petroleum  Development  in  Oltlahouia  in  1036,"  .i.  /.  M.  M. 
E.,  Pet.  Dev.  Tech.,  I'j.fi,  pp.  440— tl.  For  production  costs  see  a  study 
by  the  Standard  Oil  Co.,  "Comparative  Costs  of  Cooperative  Develop- 
ment of  Pools."  OH  and  Oas  Journal,  .\pril  6,  193.'$.  p.  7S. 


fornia  fields,  1931  to  1934,  were  those  for  Kettleman 
Hills  and  the  next  lowest,  tho.-^e  for  Dominguez. '-■' 

Required  Minimum  Engineering  Standards 

The  possibilities  of  achieving  conservation  by  Fed- 
eral and  State  regulation  of  the  oil  and  gas  industry 
depend  upon  the  establishment  and  enforcement  of  the 
best  current  engineering  procedures.  These  have  been 
variously  referred  to  in  the  previous  chapters  of  this 
section.  It  should  be  pointed  out  here  that  if  regulation 
is  to  be  continued  even  in  part  on  the  basis  of  produc- 
tion control,  important  gains  in  conservation  may  not 
be  achieved  unless  proration  efforts  include  improved 
rules  and  regulations  concerning  the  ways  in  which  oil 
and  gas  fields  are  to  be  operated.  Production  restric- 
tion creates  the  opportunity  for  conservation  in  that  it 
tends  to  raise  the  market  pi-ice  of  those  natural  re- 
sources. Minimum  engineering  standards  are  necessary 
to  see  that  conservation  is  actually  achieved.  Indeecl, 
regulatory  authorities  might  vary  to  some  degree  the 
standards  of  efficiency  of  operation  in  recovery  with 
price. 

Although  minimum  engineering  standards  are  a  nee- 
essaiT  accompaniment  of  unit  operation,  if  full  conser- 
vation is  to  be  achieved,  minimum  engineering  stand- 
ards tlicmselves,  in  the  al)sence  of  laws  and  regulations 
j-roviding  for  compulsorj-  unit  operation,  can  make  a 
considerable  improvement  in  the  relative  recovery  of 
natural  resources.  Heretofore,  most  regulations  cov- 
ering field  operation  have  been  those  established  and 
enforced  by  State  regulatory  bodies.  Among  States 
one  of  the  most  complete  sets  of  rules  and  regulations 
governing  production  and  conservation  of  oil  and  gas 
is  that  established  by  the  Oil  Conservation  Commission 
of  New  Mexico  under  the  State  laws."  Arkansas  and 
Louisiana  also  have  thoroughgoing  conservation  laws, 
modeled  in  large  part  after  the  New  Mexico  law.  Un- 
fortunately, regulatory  practice  in  New  Mexico  has  not 
always  been  as  exemplary  as  its  laws.  On  the  other 
hand,  despite  inadequate  conservation  legislation  until 
recenth',   Arkansas   regulation   has   l)een   more   ideal. 


«■  The  operating  expense  per  barrel  of  company-interest  oil  In  1034 
was  $0,063  for  Kettleman  Hills,  $0,094  for  Dominguez,  and  $2.08  for 
all  California.  Petroleum  Administrative  Board,  Report  on  the  Cost  of 
Producing  Crude  Petroleum,  Dee.  19.15,  pp.  114-15. 

"  State  of  New  Mexico  Oil  Conservation  Commission,  Circular  No.  1, 
Oil  and  Gas  ConJicrvation  Laic  and  General  Rules  and  Regulations  for 
the  Cotuervation  of  Oil  and  Oas  in  New  Mexico,  August  12,  1935, 
reprinted  February  1,  1937.  The  law  providing  for  the  conservation 
of  oil  and  gas  in  New  Mexico  is  Session  Laws  of  New  Mexico,  1935, 
chapter  72,  and  the  general  rules  governing  the  conservation  of  oil  and 
gas  In  that  State  is  known  as  Order  N'o.  4  of  the  Oil  Conservation 
Commission  of  New  Mexico.  In  addition,  the  New  Mexico  Oil  Com- 
mission has  issued  special  rules  and  regulations  applying  to  particular 
fields.  See  for  example.  Order  No.  7,  Special  Rules  and  Regulations 
for  the  Hobbs,  Jal,  Cooper,  Eunice,  and  Monument  Fields,  Lea  County, 
New  Mexico,  Circular  No.  2,  September  3,  1933.  later  modified  by 
Order  No.  52.  Special  Rules  and  Regulations  for  the  Lea  County 
Fields,  New  Mexico,  Circular  No.  3,  February  1,  1837. 
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These  engineering  regulations  should  cover  the  whole 
sphere  of  activity  in  the  oil  and  gas  industry  from 
exploration  and  drilling  on  through  the  final  abandon- 
ment of  the  well."* 

In  addition,  under  its  powers  to  regulate  interstate 
commerce  and  to  jirovide  for  the  national  defense,  the 
Federal  Government  might  require  that  in  all  States  oil 
and  gas  be  produced  in  compliance  with  cei'tain  defined 
basic  rules  of  operation. 

The  cause  of  conservation  can  be  doubly  served  by 
well-spacing  regulations  which  vary  with  the  nature 
of  the  reservoir.  By  restricting  drilling,  especially  in 
proven  areas,  ultimate  recovery  can  be  increased,  and 
at  the  same  time  gi'eat  savings  in  capital  investment 
can  be  made.  In  addition,  as  already  indicated,  well- 
spacing  regidations  are  a  means  of  restricting  produc- 
tion. The  old  argument  in  the  industry,  whether  wells 
should  be  widely  or  closely  spaced,  has  been  largely  re- 
solved into  a  geologic  problem  depending  upon  the  po- 
rosity, permeability,  and  gas  pressure  in  the  reservoir 
sands. "^  Although  there  may  be  some  differences  of 
opinion  as  to  correct  drilling  density,  even  where  wells 
are  spaced  with  reference  to  the  oil  structure  and  pro- 
duced at  a  controlled  rate,  there  is  little  dispute  as 


"'For  example,  the  New  Mexico  rules  cover  the  following  subjects: 
Sign  on  wells,  general  spacing  rules,  well  record,  deviation  tests,  pit 
for  shale  drill  cuttings  required,  strata  to  be  sealed  off,  shooting  and 
chemical  treating  of  wells,  water  shut  offs.  mud-laden  fluid,  use  of 
mud-laden  fluid  in  setting  casing,  pulling  outside  strings  of  casing, 
abandoning  wells,  blow-out  prevention,  casing  requirements  for  oil 
and  gas  production,  oil  tanks  and  tire  walls,  emulsion,  B.  S..  and  waste 
oil.  use  of  vacuum  pumps,  protection  of  fresh  and  artesian  wafers, 
burning  of  gas.  protection  of  mineral  deposits,  written  notices,  requests 
and  reports,  notice  of  intention  to  drill,  report  on  beginning  drilling 
operations,  notice  of  intention  to  shoot  or  chemically  treat  well,  re- 
port of  result  of  shooting  or  chemical  treatment  of  well,  notice  of  in- 
tention to  test  casing  shut-off,  report  on  result  of  test  of  casing  shut- 
off,  notice  of  intention  to  plug  well,  report  on  results  of  plugging  well, 
miscellaneous  notices,  miscellaneous  reports  on  wells,  well  record, 
supplementary  well  history,  operator's  monthly  report  of  operations, 
request  for  permission  to  connect  with  pipe  line,  purchaser's  monthly 
reports,  notifications  of  fires  and  blow-outs  at  wells  and  breaks  and 
leaks  in  pipe  lines,  pipe-line  data  required,  bonds  (covering  observ- 
ance of  plugging  regulations  I,  special  rules  and  regulations,  conflicts 
between  general  and  special  rules  and  regulations,  permissible  excep- 
tions to  the  rules  and  regulations,  enforcement  of  laws,  rules  and  reg- 
ulations dealing  with  conservation  of  oil  and  gas,  notice  to  contrac- 
tors, drillers  and  others  to  observe  rules,  commission  to  cooperate 
with  proper  agents  of  tlie  Tnited  States.  See  Oil  Conservation  Com- 
mission of  New  Mexico.  Order  No,  4. 

™  Proponents  of  a  high  density  in  drilling  refer  to  the  statement  of 
W.  W.  Cutler,  .Tr.  :  "Recovery  of  wells  of  equal  size,  producing  under 
similr.r  clrcumst.inces  in  the  same  pool,  is  proportional  to  the  average 
distance  that  the  oil  moves  to  get  to  the  well.''  See  W.  W.  Cutler,  Jr., 
XI.  S.  Bureau  of  Mines,  Bulletin  228  (1924),  p.  89.  This  conclusion, 
however,  was  based  on  a  study  of  unrestricted  fields.  Later  Bureau 
of  Mines  studies  in  prorated  fields  indicated  that  "spacing  of  wells 
wider  than  that  in  many  fields  would  have  given  at  least  equal  recov- 
ery during  the  present  'prorated  period'  and  would  have  resulted  in 
more  etflcient  use  of  reservoir  energy  and  lower  cost  of  production." 
K.  A.  Catteli  and  H.  C.  Fowler.  "Fluid-Energy  Relations  in  Production 
of  Petroleum  and  Natural  Gas,"  in  the  Minerals  Tearhook,  IS.Ii,  p. 
71.0.  See  also  discussion  in  Ely,  51  Harvard  Law  Review  (1938) 
1231-1234.  Professor  L.  C.  Uren  was  one  of  the  first  geologists  to 
conclude  that  ultimate  recovery  of  oil  would  be  greater  for  widely 
spaced  wells  than  for  closely  spaced  wells.  See  discussion  in  J.  P. 
Umpleby,  "Production  Engineering  in  1927,"  A.  I.  M.  M.  E.,  Pel.  Dev. 
Tech.,  isn,  p.  CO. 


to  the  adverse  result  on  reservoir  pressure  where  exces- 
si^^e  drilling  is  at  random  without  regard  to  reservoir 
conditions.'" 

Whenever  reservoir  conditions  are  incompletely 
known,  wider  well  spacing  is  to  be  preferred.  A  later 
generation  of  wells  may  appear  advisable  after  collec- 
tion of  more  complete  information,  if,  for  example,  it 
is  found  that  the  strata  are  fine-grained  and  of  low  per- 
meability." Regulation  of  drilling  and  casing  prac- 
tice may  also  lead  to  protection  of  oil-  or  gas-bearing 
strata,  as  well  as  of  sources  of  water  which  are  used  for 
human  consumption  or  for  irrigation. 

Regulation  of  the  rate  of  flow  of  oil  and  gas  should 
be  based  in  part  upon  the  control  of  gas-oil  ratios  if 
maximum  recovery  is  to  be  achieved.  Theoretically,  the 
rate  of  flow  may  be  too  slow  to  provide  maximum  re- 
covery, particularly  of  the  more  valuable  fractions  of 
the  crude  petroleum;  but,  as  a  rule,  a  low  rate  is  to  be 
preferred  to  a  high  rate.  A  controlled  and  usually  low 
rate  of  gas  production  will  lead  to  the  production  of  a 
larger  percentage  of  the  oil  by  means  of  the  reservoir 
energy.  The  viscosity  of  the  oil  will  be  better  main- 
tained, and  less  of  the  more  volatile  fractions  will  be  lost. 
If  production  is  too  rapid,  the  gas  in  the  crude  is  given 
off,  and  much  of  the  crude  can  never  be  recovered  even 
by  methods  of  repressuring."'"  Regulation  of  rate  of 
flow  in  a  unitized  area  would  aim  at  a  constancy 
throughout  the  field  of  fall  in  gas-oil  level  and  rise  of 
oil-water  level  in  order  that  the  greatest  measure  of 
drainage  be  secured.  Thus,  in  Persia,  in  order  to  con- 
serve gas  pressure,  it  has  been  the  practice  to  plug  those 
wells  which  bj-  reason  of  descending  gas-oil  level  show 
gas-oil  ratios  increasing  above  the  normal.'^  Gas-oil 
ratios  should  always  be  determined  by  reference  to  res- 
ervoir conditions  with  the  aim  of  achieving  maximum 
ultimate  production  of  both  oil  and  gas.  If  unit  opera- 
tion is  not  feasible  and  the  regulation  of  the  industry 
must  continue  primarily  on  the  basis  of  proration,  well 
allowables  should  be  determined  by  reference  to  maxi- 
mum ultimate  recoverj'  and  not  according  to  marketing 
conditions  based  upon  certain  minimum  production  for 
existing  wells.  If  the  maximum  allowable  for  a  State 
is  so  low  that  the  rates  of  operation  are  far  under  the 
optimum,  it  would  probably  be  better  to  produce  in 
excess  of  the  allowable,  even  though  the  price  of  oil 
drops  somewhat.    From  the  standpoint  of  recovery  the 


'» Ely,  51  Harvard  Law  Review  1232 ;  also  see  Knowlton,  "The  Fu- 
ture of  Well  Spacing,"  Oil  ^yeekly.  Jlay  17,  1937,  p.  51  ;  and  Moore, 
"The  Effect  of  Curtailment  on  Ultimate  Recovery,"  A,  P.  I.  release, 
1934,  cited  by  Ely.  The  belief  seems  to  be  growing  that  the  area 
drained  by  a  well  is  greater  if  production  is  at  a  slow  rate  :  see  Hill, 
"Essential  Engineering  Factors  in  the  Allocation  of  Production,'* 
A.  P.  I.  release,  1934  ;  also  cited  by  Ely. 

"  Umpleby.  loc.  cit. 

'""  Repressuring  cannot  establish  a  solution  of  gas  in  oil  as  complete 
as  that  which  originally  existed  in  the  reservoir. 

'^  Cadman,  "Conservation  of  Petroleum."  op.  cit.,  p.  2. 
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problem  would  consist  of  a  comparison  between  the 
losses  in  excess  storage  and  the  losses  owing  to  too  low 
a  rate  of  production. 

Standards  of  Held  operation  shoukl  regulate  the 
ahandomuent  of  wells  and  should  relate  to  the  time  of 
abandonment,  as  well  as  to  the  condition  in  which  the 
hole  nuist  he  left.  This  problem  is  discussed  in  the 
following  section. 

Hestriction  of  Abandonments 

Oil  and  gas  wells  are  abandoned  for  two  reasons,  either 
because  of  physical  circumstances  or  because  of  economic 
conditions  in  the  industry.  Usually  the  abandonments 
which  result  from  natural  operating  conditions,  such  as 
water  encroachment  or  practical  exhaustion  of  crude 
pctroloiun  or  natural  gas.  proceed  more  or  less  gradu- 
ally, altliough  it  is  possible  that  abandonments  might 
be  very  high  if  a  large  field  became  widely  depleted  at 
about  the  same  time."  On  the  other  hand,  abandon- 
ments resulting  from  economic  conditions  under  which 
income  falls  below  cost  or  under  conditions  where  a 
much  greater  net  income  is  promised  in  new  proven 
territory  may  be  subject  to  very  wide  fluctuations. 

The  problem  of  well  abandonment  resulting  from  de- 
pletion is  not  subject  to  regulation  or  to  correction,  but 
the  premature  a])andoiimeiit  of  i)ro(lncing  wells  l)ecause 
of  changes  in  economic  conditions  may  be  restricted  by 
i-egidatory  measures.  The  problem  of  abandonment  of 
marginal  wells  is  likely  to  be  severe  either  in  ])eri()ds  of 
very  low  prices  of  crude  oil  or  at  times  when  new  Hush 
fields  are  being  bi'ought  into  i)roduction.  Thus,  in 
1931,  when  the  price  of  crude  oil  in  East  Te.xas  fell  to 
10  cents  per  barrel,  and  in  some  instances  even  as  low  as 
21,4  cents  per  barrel,  abandonments  throughout  the 
United  States  became  excessive.  In  1931,  '21,003  wells 
are  reported  to  have  been  taken  out  of  production,  many 
of  which  were  only  "shut  in." '"  The  abandonments  in 
1931  for  the  first  time  in  tlie  liistory  of  the  country 
exceeded  the  number  of  wells  drilled."  The  cause  was, 
of  course,  mainly  economic.  On  the  other  hand,  aban- 
donments were  also  ver}-  high  in  1928,  when  conditions 
in  the  oil  industrj'  were  comparatively  favorable.  At 
that  time,  the  main  cause  was  the  opening  up  of  several 
new  flush  fields.'-  When  a  flush  field  is  opened,  many 
producers  will  abandon  wells  in  old  fields  as  fast  as  they 
can  and  transfer  their  efforts  to  the  new  proven  terri- 


'» See  testimony  of  George  H.  Ashley,  State  Geologi.st  of  Pennsyl- 
vania. PitroUum  Investigation,  p.  C07-  60S ;  anti  also  Samuel  B. 
retteniill,  Hot  Oil  (New  York,  1D36).  p.  70. 

*'  Watkins.  op.  cit.,  pp.  49-50.  which  quotes  testimony  of  A.  L.  Beaty 
at  the  Hearings  on  H.  Res.  9676.  Oil  and  Oil  Pipe  Lines,  p.  71 ;  also 
Pettengill.  op.  cit.,  p.  63. 

"  See  statement  of  Dr.  Katharine  Carman,  petroleum  economic 
analyst,  Petroleum  Administrative  Board,  Petroleum  Investigation, 
p.  .■!99. 

"'  Pettengill.  op.  cit.,  p.  70 :  also  George  H.  Ashley,  loc.  cit. 


tory,  wht-re  a  greater  return  can  be  realized,  often  in  a 
very  short  period  of  time.*^ 

Kegulation  of  well  abandoniuent  was  one  of  the  pur- 
jxisesof  the  Thomas-Disney  Bill  introduced  in  Congress 
in  1934.^'  It  was  also  suggested  in  a  report  by  the 
Planning  Committee  for  Mineral  Resources  to  the  Na- 
tional Ilesources  Board,  in  November  1934.^''  Most  of 
the  State  conservation  laws  cover  the  subject  of  aban- 
donment. In  some  Stales  one  cannot  abandon  a  well 
without  obtaining  approval  of  the  State  regulatory 
commission,  and  then  only  if  a  certain  procedure  is  fol- 
lowed (see  tabulation  of  State  laws  and  regulations  in 
ciiap.  6).  Under  a  system  of  compulsory  unit  opera- 
tion, engineering  control  of  a  field  would  determine  well 
abjindoiiuu'iits,  since  all  wells  in  the  field  would  bo  oper- 
ated primarily  with  the  aim  of  achieving  nia.ximum 
recovery.*"  Without  unit  operation,  a  partial  solution 
of  the  problem  of  well  abandonment  could  be  made  if 
regulatory  bodies  were  able  to  restrict  flush  production 
elsewhere,  and  particularly  if  they  effectively  limited 
the  luunber  of  wells  which  could  be  drilled  in  new 
proven  areas  of  jjotentiallj'  high  initial  production. 

In  many  areas,  a  rise  in  price  leads  to  an  increase 
in  wildcatting.  which  after  a  while  is  very  likely  to 
result  in  new  flush  fields  and  in  high  abandonment  rates 
in  the  older  marginal  fields.*'  Many  have  suggested 
that  waste  resulting  from  earlj'  abandonment  be  avoided 
by  the  maintenance  of  comparative!}'  high  prices  for 
crude  petroleum.**  Perhaps  a  comparatively  stable 
price  level  for  crude  petroleum  might  lead  to  a  decrease 
in  abandonments.  Even  a  comijaratively  high  price 
would  not  lead  to  the  production  of  all  the  recoverable 
oil.  Although  severely  depressed  prices  are  to  be 
avoided,  there  are  limits  beyond  which  the  price  of 
oil  cannot  be  raised  by  proration  and  other  methods  of 
restricting  production.  A  supplementary  method  of 
regulating  well  abandonment  lies  in  the  use  of  sub- 
sidies. Under  some  circumstances  the  cost  of  produc- 
ing oil  may  not  be  more  than  15  to  20  percent  below  the 
market  price,  yet  the  possibilities  of  a  rise  in  price  to 
cover  costs  appear  remote.    If  feasible  from  an  ad- 


'^  See  testimony  of  Mr.  Otto  D.  Donnell.  president,  Ohio  Oil  Com- 
pany, Petroleum  Investigation,  pp.  512-51.";  also  Pettengill,  op.  cit., 
pp.  67-68. 

"  Pettengill.  op.  cit.,  p.  271. 

*  National  Resources  Board,  A  Report  on  Kalional  Planning  and 
Public  Worla  (short  title),  December  1,  1934,  p.  408;  also  see  Petten- 
gill, op.  cit.,  p.  269. 

*"  The  landottner'.s  revenue  might  not  stop  until  the  pool  was  com- 
pletely exhausted  or  the  pooling  agreement  might  proviiie  that  his 
payments  would  stop  when  the  well  on  his  land  ceased  producing. 
See  E.  H.  Griswold,  op  cit.,  p.  40.  In  any  event,  the  well  would  be  op- 
erated not  primarily  on  the  basis  of  its  costs  and  income  alone  but 
upon  the  relationships  to  maximum  efficiency  of  the  operation  of  the 
entire  po(fl. 

"Sec   testimony  of  Ashley,   Petroleum  Investigation,  pp.   607-608. 

»' Pettengill.  op.  cit.,  pp.  63-71,  where  Secretary  Ickes  among  others 
Is  quoted  as  favoring  comparatively  high  prices.  Data  on  abandon- 
ments are  scanty.  The  relation  between  price  of  crude  and  the  extent 
of  closing  in  wells  needs  further  study. 
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ministrative  view,  it  would  appear  to  be  more  satisfac- 
tory to  gi-ant  a  subsidy  to  cover  the  deficit  rather  than 
to  try  to  raise  the  price  of  oil  throughout  the  district 
by  the  required  margin.  Such  a  system  of  subsidies 
would,  of  course,  require  intimate  knowledge  of  costs 
on  the  part  of  the  subsidizing  agency,  and  it  might  lead 
to  grave  administrative  difficulties.  It  does,  however, 
offer  a  possibility  of  increasing  the  ultimate  recovery  of 
oil  without  having  to  raise  prices  throughout  the  indus- 
try. The  paying  of  subsidies  would  need  to  be  linked 
with  a  system  by  which  wells  were  not  allowed  to  stop 
operations  until  abandonments  had  been  approved  by  a 
regulatory  commission.  Such  subsidization  would  not, 
at  least  for  some  time,  drive  down  the  price  of  oil,  be- 
cause only  a  small  part  of  production  would  come  from 
submarginal  wells  and  because  of  restrictions  on  flush 
production. 

Restriction  of  Production  to  Current  Needs 

Regardless  of  whether  unit  operation  is  achievable  or 
not,  both  oil  and  gas  production  need  to  be  restricted 
by  regulatory  authorities  approximately  to  current 
needs.  The  demand  for  oil  is,  of  course,  somewhat 
elastic,  and  consequently  the  requii-ements  are  affected 
by  price.  Therefore,  a  restriction  of  production  to 
current  needs  inevitably  assumes  the  maintenance  of 
"desirable"  prices  or,  at  least,  the  restriction  of  price 
fluctuations  within  certain  "desirable"  limits. 

Restriction  of  production  will  tend  to  raise  the  price, 
but  for  many  petroleum  products  demand  is  fairly 
inelastic.  Thus,  the  consumption  of  gasoline,  lubricat- 
ing oils,  many  light  fuel  oils,  bunker  oil,  and  carbon 
black  probably  depends  on  general  business  conditions 
more  than  upon  the  price  of  the  materials  from  which 
these  products  are  made.  Consequently,  a  rise  in  the 
price  of  oil  and  gas  from  the  depressed  condition  of 
prices,  such  as  existed  in  1930  or  1932,  may  not  mate- 
rially restrict  consumption.  At  times  such  an  increase 
in  price  may  be  justified  socially  if  it  operates  as  it 
might  under  favorable  conditions  of  regulation  to  re- 
strict waste.  Under  such  circumstances  it  is  probably 
socially  desirable  that  producing  companies  operate  at 
a  profit  rather  than  at  a  loss.  Both  economists  and 
judges  have  held  that  unless  production,  particularly 
from  a  flush  pool,  is  limited  to  something  like  market 
demand,  waste  cannot  be  prevented  nor  can  the  correla- 
tive rights  of  the  owners  of  land  over  the  pool  be  pro- 
tected.*°    The  principle  of  ratable  takings  is  a  firmly 
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established  law.  Under  the  restricted  flow  imposed  by 
proration,  producers  have  gained  more  technical  knowl- 
edge concerning  the  utilization  of  reservoir  energy,  and 
grossly  wasteful  production  practices  have  been  gi-eatly 
restricted.  Thus,  proration  have  helped  to  promote 
conservation. ^° 

In  the  main,  however,  proration  continues  as  a  stabi- 
lization method,  which  nevertheless  under  favorable 
circumstances  can  make  an  important  contribution  to 
conservation.  Although  it  has  been  held  that  prora- 
tion offsets  the  old  rule  of  capture,  "the  enemy  of  conser- 
vation," "  it  may  nevertheless  lead  to  other  undesirable 
operating  practices,  such  as  unnecessary  drilling  and 
overdevelopment  of  pools,  resulting  in  well  allowables 
too  small  to  permit  an  efficient  rate  of  flow.  Economists 
are  agreed  that  of  itself  proration  does  not  mean  con- 
servation and  that,  as  a  matter  of  fact,  the  results  are 
likely  to  be  to  the  contrary.  Stocking  held  in  1933  that 
"where  conservation — that  is,  increased  ultimate  pro- 
duction— is  obtained,  it  is  largely  a  fortuitous  feature 
of  the  program."' "'  Moreover,  Watkins  points  out  that 
true  conservation  is  "in  no  wise  concerned  with  a  limita- 
tion of  oil  extraction  in  a  given  period  to  any  definite 
amount  as  representing  the  estimated  'market  de- 
mand.' "  ^^  Yet  proration,  even  as  a  strict  stabilization 
measure,  means  avoidance  of  wasteful  storage  and  pro- 
tection of  reserves  of  marginal  wells.  Moreover,  pro- 
ration procedure  has  improved  greatly  in  recent  years. 
Indeed,  restriction  of  rate  of  flow  (an  important  ele- 
ment in  conservation)  to  market  demand  may  not  dif- 
fer at  times  greatly  from  restriction  with  reference  to 
maximum  recovery. 

If  the  market  demand  for  oil  is  so  small  that  effective 
proration  leads  to  the  operation  of  wells  at  much  less 
than  their  most  efficient  rate,  proration  clearly  may  dam- 
age the  reserves."    Under  such  circumstances  it  prob- 


^  Earl  01i%-er,  "State  Should  Equalize  Oil  Production,"  Oil  and  Oas 
Journal,  August  20,  1931,  pp.  19  and  100,  101 ;  see  also  the  decision 
of  the  Supreme  Court  in  ChampUn  Oil  and  Refining  Company  v.  Corpo- 
ration Commission  of  Oklahoma,  52  Sup.  Ct.  559;  76  L.  Ed.  1062  (1932). 
In  this  case  the  Court  sustained  the  power  of  the  State  government  to 
prorate  production  to  market  demand.  Also  see  statement  of  J.  Howard 
Marshal,  Petroleum  Administrative  Board,  Pef?-oreMm  Investigation,  pp. 
260S-2609. 


■>»  Joseph  E.  Pogue,  "The  Economic  Structure  of  the  American  Petro- 
leum Industry,"  Third  World  Power  Conference,  Washington,  1936, 
see.  II,  paper  No.  5,  pp.  43-44.  See  also  the  views  of  Secretary  Ickes 
to  the  effect  that  production  restriction  and  reasonable  prices  are  a 
prerequisite  to  conservation.  Petroleum  Investigation,  pp.  189-192 ; 
also  Pettengill,  op.  cit.,  p.  65. 

"  Axtell  J.  Byles,  "But  One  Correction  Indicated,  Byles  Warns 
North  Texas,"  Oil  and  Gas  Journal,  March  3,  1938,  p.  31. 

•2  George  W.  Stocking,  "Stabilization  of  the  Oil  Industry :  Its 
Economic  and  Legal  Aspects,"  American  Economic  Peview,  Supple- 
ment, March  1933,  pp.  65-66.  Stocking  refers  to  the  language  of  the 
lower  Federal  court  in  MacMillan  v.  Texas  Railroad  Commission  to 
the  effect  that  conservation  must  be  regarded  as  only  an  "accidental 
incident"  to  such  a  program  of  proration.  In  the  District  Court  of 
the  United  States  for  the  Western  District  of  Texas,  Austin  Division. 
No.  390  Equity. 

M  Watkins,  op.  cit.,  pp.  34-35  ;  see  also  the  opinion  of  Kemnitzer, 
Rebirth  of  Monopoly,  pp.  217-218. 

"  "A  low  allowable  production  may  injure  a  well  in  the  same 
manner  excessive  production  can  cause  waste.  A  well  producing  large 
amounts  of  salt  water  with  the  oil  may  be  lost  by  'water  flooding'  if 
its  allowable  is  so  low  that  pumping  must  be  stopped  for  several  days. 
If  marginal  wells  cease  to  operate  for  a  short  time,  the  oil  in  the 
structure  will  'foam'  or  'bubble'  and  trap  recoverable  oil  by  creating 
an  impervious  barrier  through  which  the  remaining  oil  surrounding  the 
well   cannot  pass  to   the  bore   hole.     Yet,  generally   excessive   produc- 
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ably  would  be  far  better  for  the  regulatory  body  to 
re(iuire  the  complete  closing  of  part  of  the  fields  in  the 
State  and  the  operation  of  the  balance  of  the  fields  at  an 
eflicient  rate. 

If  production  restriction  is  to  contribute  directly  to 
conservation,  it  should  be  accompanied  by  unit  opera- 
tion or  at  least  by  well-spacing  provisions.  Otherwise 
the  rate  of  production  may  be  inefficient  and,  in  addi- 
tion, the  use  of  capital  be  excessive. 

On  the  other  hand,  production  restriction  would  bo 
required  even  under  a  system  of  unit  operation."^  Unit 
operation,  in  turn,  would  furnish  a  mechanism  for  mak- 
ing proration  measures  effective.  Indeed,  in  some 
States  so  much  power  might  be  placed  in  the  hands  of  a 
few  big  companies  that  continued  Federal  or  State  su- 
pervision of  proration  would  be  advisable.  These  com- 
panies woukl,  unless  restrained,  undoubtedly  work  to- 
wards a  higher  and  more  stable  price.^"  Production 
restriction  is  essentially  a  form  of  monopolistic  control 
with  the  power  of  the  State  supporting  it." 

The  fundamental  problem  of  State  quotas  is  whether 
they  are  to  be  related  to  the  best  conservation  of  re- 
serves or  whether  they  are  to  reflect  merely  existing 
competitive  market  trends  and  priority  of  development. 
In  order  that  production  restriction  be  equitable  and 
judged  insofar  as  possible  on  a  national  basis,  it  is  rec- 
ommended that  a  Federal  agency  estimate  market  de- 
mand and  determine  tlie  production  quotas  to  be  as- 
sig7ied  to  each  State.  Such,  in  essence,  was  the  nature 
of  the  petroleum  code,  and  also  the  provision  of  the 
Thomas-Disney  bill."*  Federal  proration  should  pre- 
vent a  recurrent  breakdown  of  production  restriction 
caused  by  jealousies  between  States  or  by  the  discovery 
of  important  fields  in  States  having  no  proration  laws. 
Federal  proration  would  be  a  far  more  stable  regulatory 
device  than  the  present  State-Federal  system  which 


tion  is  much  more  harmful  to  the  oil  reservoir  than  is  restricted  or 
small  production  or  even  no  production  at  nil."  Kansas  State  Planning 
Board,  Experience  of  Kanxas  under  Petroleum  Prodiiclion:  Control 
and  Conservatioti  Measures  (November  1038)   [p.  9). 

"» "As  a  reenforcement  of  the  proration  mechanism,  the  organization 
of  pool  cooperatives  deserves  the  active  encouragement  of  all  con- 
cerned. •  •  •  The  attainment  of  universal  unit  operation,  however, 
if  unsupported  by  proration,  woidd  not  provide  a  solution  of  the 
problem  of  sustaining  the  life  of  stripper  wells  arising  from  the  wide 
range  of  costs  as  between  old  wells  and  those  kept  vigorous  by  the 
application  of  pressure  maintenance  under  cooperative  action." 
.Alexander  Sachs  and  Joseph  E.  Pogue,  "Internal  Problems  of  Prora- 
tion and  oil  Conservation,"  Transcript  of  Proceedings  of  the  Interstate 
Oit  Compact  Commission,  July  29,  1938,  p.  28. 

"  Fraser  and  Doriot,  op.  cit.,  p.  419. 

"  Stocliing,  op.  cit.,  p.  64n.  "So  long  as  you  have  such  arbitrary 
restriction  of  the  amount  of  crude  oil  which  is  permitted  to  flow  on  to 
the  market,  price  will  inevitably  be  affected.  Any  monopolist  may 
have  a  tremondmis  reserve  of  capacity  and  raw  materials ;  but  so  long 
as  this  reserve  is  not  permitted  to  become  supply.  It  will  have  no  in- 
fluence on  price  movements  except  to  the  extent  that  the  break-down 
of  monopoly  is  anticipated."  Tbid.  Also  see  Watkins,  p.  55.  These 
considerations  also,  of  course,  apply  to  the  system  of  restriction  under 
the  NRA. 

•«See  Code  of  Fair  Competition  for  the  Petroleum  Industry,  p.  S; 
and  Pettengill,  op.  cit.,  pp.  272-274. 
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allows  for  interstate  settlement  of  problems  primarily 
by  tlie  Interstate  Oil  Compact  Commission. 

It  is  recommended  that  within  each  State  the  distri- 
bution of  allowables  among  fields  and  among  indi- 
vidual producing  wells  continue  to  be  determined  by 
State  regulatory  bodies,  perhaps  under  the  setting  of 
certain  minimum  Federal  standards.  Insofar  as  pos- 
sible, allowables  should  be  based  on  acreage  content; 
that  is,  on  estimated  oil  in  place  and  not  on  any  mini- 
mum allowable  per  well.""  In  a  situation  such  as  that 
in  East  Texas,  where  98  percent  of  the  district  allowables 
are  used  in  prorations  per  well  according  (o  the  Mar- 
ginal Well  Act,  there  is  clearly  little  possibility  of  bas- 
ing proration  on  acreage  content  or  on  efficient  rate  of 
production.*  Thus  in  East  Texas  the  railroad  commis- 
sion can  affect  allowables  for  only  2  percent  of  the  pro- 
duction, except  by  closing  down  the  entire  field,  as  by 
the  Saturday  and  Sunday  shutdowns.  Although  the 
Federal  courts  have  declared  that  the  allowable  for  a 
good  well  must  be  higher  than  that  for  a  poor  one, 
the  Marginal  Well  Act  has  forced  the  railroad  com- 
mission to  deal  with  over  three-fourths  of  the  State's 
allowable  on  a  basis  which  ignores  any  distinction 
between  reservoir  conditions  or  most  efficient  rates  of 
production.-  Insofar  as  proration  is  consistent  with 
conservation,  its  goal  should  be  the  maintenance  of 
uniform  reservoir  pressures,  and  the  allowable  per  well 
should  be  readjusted  upon  the  basis  of  careful  measures 
of  comparative  pressure  declines.^  Some  States  try  to 
follow  this  procedure.  If  not  accompanied  by  unit 
operation,  proration  should  be  based  upon  pool  allow- 
ables and  not  upon  well  allowables. 

When  a  new  field  is  discovered,  the  State  should  re- 
quire that  wells  be  closed  until  production  restriction  is 
established.  New  wells  should  be  held  to  low  rates  of 
flow  as  long  as  old  wells  are  producing  at  less  than 
optimum  rates.  Drillers  of  wildcat  wells  should  be  re- 
quired to  post  bond  to  guarantee  observance  of  regula- 
tions, as  is  now  done  in  several  States.  Although  wild- 
cat operations,  especially  by  small  producers,  may  lead 
to  excessive  competitive  drilling,''  it  does  not  appear 


^  See  Joseph  E.  Pogue,  "An  Equilibrium  Theory  of  Proration," 
A.  I.  M.  M.  E.,  Pet.  Dev.  Tech.,  J9.SS,  p.  277  ;  W.  E.  Hubbard,  "Eco- 
nomics and  Well  Spacing  In  Texas,"  A.  I.  M.  M.  K.,  Pet.  Dev.  Tech., 
imrt,  p.  170 ;  Oliver,  op.  cit..  Pet.  Dev.  Tech.,  1937,  pp.  140-142. 

>Kailroad  Commission  of  Texas,  Status  of  the  Allowables  of  Uargi- 
nal  and  Proratable  Wells  on  Oil  Proration  Schedules,  reports  as  of 
October  14,  1938,  and  January  1.  1939.  Marginal  wells  are  pumping 
wells  which  produce  less  than  a  given  minimum  set  according  to  the 
depth  of  the  well— usually  about  20  barrels  per  day.  I'or  flowing  wells, 
the  Railroad  Commission  has  set  a  minimum  allowable  of  20  barrels  per 
day,  althoush  legally  their  allowables  might  possibly  be  less. 

'Ely,  .t1  Harvard  Law  Review,  pp.  1226-1227. 

•  "Allocation  of  production  on  the  basis  of  bottom-hole  and  reservoir 
pressures  seems  In  general  the  most  equitable,  but  also  it  may  have 
the  most  difficulties  to  overcome  in  practical  application."  C.  V. 
Millikan,  "Reservoir  and  Bottom-Hole  Producing  Pressures  as  a  Basis 
for  Proration,"  A.  I.  M.  M.  E.,  Pet.  Dev.  Tech.,  1933,  pp.  139-141.  This 
method  has  been  used  In  the  Yates  field  in  Texas. 

<  Fraser  and  Doriot,  op.  oit.,  pp.  418-419  ;  and  Pettengill,  op.  cit.,  p.  87. 
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advisable  to  restrict  wiklcatting  unduly,  because  of  the 
danger  of  impeding  the  discovery  of  new  reserves.' 
But  new  fields  must  not  be  allowed  to  lead  to  flush 
production.  In  this  connection,  it  might  be  ad\'isable 
to  require  that  slim-hole  drilling  be  employed  wherever 
oil-bearing  strata  are  not  too  deep. 

Moreover,  it  is  important  to  note  that  as  a  result  of 
the  improvement  of  exploratory  techniques  new  reserves 
can  be  at  least  partially  discovered  without  the  neces- 
sity of  drilling  wells  with  the  pui'pose  of  obtaining  im- 
mediate production.  As  new  reserves  become  more  diffi- 
cult to  discover,  Government  assistance  in  exploratory 
activities  is  likely  to  be  extended.''  Already  the  Fed- 
eral and  State  governments,  particularly  through  geo- 
logical bureaus,  have  given  great  assistance  to  drillers 
in  indicating  where  oil  and  gas  are  likely  to  be  found. 

Control  of  Exports  and  Imports 

The  problem  of  regulating  foreign  trade  in  crude 
i:ietroleum  and  its  products  should  be  decided  on  the 
basis  of  conservation  of  domestic  sources  of  supply 
and  not  upon  any  political  basis  which  may  give  an  ad- 
vantage to  companies  operating  in  certain  domestic  or 
foreign  fields.  Clearly,  the  reserves  of  the  United 
States  can  be  made  to  last  longer  by  restriction  on  ex- 
ports and  by  the  encouragement  of  imports.  From  this 
point  of  view  the  tariff  on  oil  should  be  removed.  The 
problem,  of  course,  is  a  complicated  one.  It  is  recom- 
mended that  the  tariff  be  gradually  reduced  so  that 
American  operating  companies  can  adjust  themselves 
to  surrendering  a  certain  part  of  the  Atlantic  seaboard 
market  to  foreign  soui'ces.  Of  course,  political  expedi- 
ency may  make  it  difficult  to  encourage  imports.''  As 
a  minimum  change  it  is  recommended  that  the  tariff 
regulations  be  so  modified  that  a  larger  percentage  of 
the  requirements  for  heavy  crude,  especially  for  pro- 
ducing asphalt  and  for  supplying  the  residual  fuel-oil 
market,  be  covered  from  foreign  sources  of  supply. 

From  the  standpoint  of  maintenance  of  prices  and  the 
encouragement  of  profits  on  operations  in  the  domestic 


■^Cadman.  Conservation  of  Petroleum,  p.  3:  Ely,  51  Harvard  Law 
Feeiew,  1231.  Ely  maintains  that  the  margin  of  reserves  is  too  smaU 
to  warrant  restriction  on  exploratory  drilling  or  wildcatting.  In 
addition,  the  Code  of  Fair  Competition  for  the  Petroleum  Industry 
provided  that  "nuldcatting  was  not  to  he  prohibited,  "because  the 
future  maintenance  of  the  petroleum  supply  depends  on  new  discoveries 
and  new  pools,"  See  p,  10 ;  also  included  in  Petroleum  Investigation, 
p.  850. 

"The  State  of  Mississippi  has  gone  so  far  as  to  explore  with  the  aid 
of  the  U.  S.  Geological  Survey  and  drill  some  of  its  own  properties, 
A.  I.  31.  M.  E.,  Pet.  Dev.  Tech.,  1037,  p.  ■105. 

'  See  rettengill  statements.  Hot  Oil,  pp.  44—46 ;  see  also  the  testi- 
mony of  Mr.  Wirt  Franklin,  president  of  the  Independent  Petroleum 
Association,  in  opposition  to  tlie  encouragement  of  imports.  Petroleum 
Investigation,  pp.  1413-1417;  also  Pettengill,  op.  cit..  pp.  51-55.  As 
early  as  1909,  the  U.  S.  Geological  Survey  condemned  exportation  of 
American  crudes  as  a  form  of  "waste"' ;  see  U.  S.  Geological  Surve.v, 
Papers  on  the  Conservation  of  Mineral  Resources,  Bulletin  394,  1909, 
p.  48. 


market,  restriction  of  imjjorts'  is  clearlj'  desirable, 
although  the  importation  of  foreign  crude  is  not  neces- 
sarily inconsistent  with  efforts  to  adjust  domestic  pro- 
duction to  the  domestic  demand.  In  1926  the  Federal 
Oil  Conservation  Board  recommended  that  American 
companies  acquire  and  explore  fields  in  Mexico  and 
South  America  with  the  view  to  protecting  the  domes- 
tic supply  of  crude  oil.' 

Some  foreign  countries,  however,  may  object  to 
American  companies  shipping  a  rising  volume  of  oil  to 
the  United  States;  and  on  the  other  hand,  other  coun- 
tries may  resent  restrictions  on  exports  from  this  coun- 
try. The  problem  may  require  international  consider- 
ation with  the  viewpoint  of  arriving  at  a  general  policy 
upon  conservation  and  stabilization.  Such  an  interna- 
tional treaty  or  convention,  moreover,  would  furnish 
one  basis  upon  which  Federal  regulation  of  the  indus- 
try in  the  United  States  could  be  sustained.  Unless 
unit  operation  is  adopted  in  the  United  States,  it  is 
likely  that  imports  into  this  country  will  be  stimulated 
and  exports  to  foreign  markets  restricted  because  of 
the  certain  rise  in  production  costs  in  the  United  States 
once  new  flush  pools  cease  to  be  discovered  every  few 
years;  foreign  costs  as  a  rule  are  below  domestic  costs, 
mainly  because  of  the  existence  of  more  efficient  meth- 
ods of  operation,  but  also  owing  to  lower  labor  costs.' 
Thus,  the  present  tax  of  21  cents  a  barrel  on  foreign 
crude,  first  levied  in  June  1932,  discouraged  imports, 
but  the  change  from  net  imports  (excess  of  imports 
over  exports)  of  38  million  barrels  in  1930  to  net  ex- 
ports of  40  million  barrels  in  1937  probably  resulted 
fully  as  much  from  the  discovery  of  East  Texas  and 
other  fields  of  flush  production. 

The  whole  problem  of  imports  and  exports  needs  also 
to  be  studied  in  the  light  of  the  fact  that  American 
reserves  are  being  more  rapidly  exhausted  than  those 
of  foreign  countries  and  that,  in  addition,  the  United 
States  is  still  exporting  more  petroleum  than  it  imports. 

Restriction  of  Use  to  Urgent  Needs 

The  conservation  of  oil  and  gas  resources  will  be 
furthered  by  the  allocation  of  these  minerals  to  the  more 
efficient  or  superior  uses.  It  is  recommended,  therefore, 
that  the  oil  and  gas  industries  be  regulated  so  as  to  dis- 
courage less  efficient  use.  A  similar  recommendation 
was  made  by  the  Planning  Committee  for  Mineral 
Policv  of  the  National  Resources  Board  on  January  13, 


'Report  I  to  the  President  (192G).  p.  12;  also  Pettengill,  op.  cit., 
pp.  60-61. 

*  U.  S.  Tariff  Commission,  Report  to  the  House  of  Representatives  on 
the  Cost  of  Producing  Crude  Petroleum,  etc.,  1932.  p.  49  ;  Earl  Oliver 
and  J.  B.  Umpleby,  "Principles  of  Unit  Operation."  A.  I.  U.  M.  E.,  Pet. 
Dcv.  Tech.,  19S0,  p.  105,  also  quoted  by  Miller  and  Lindsly.  op.  cit., 
p.  1255 ;  and  Pettengill,  op.  cit.,  p.  54. 
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1935.'°  Moreover,  tlie  eliiuiiuuion  of  wa.-U'liil  ii.-es  was 
given  as  one  of  the  purposes  of  tlie  Tlioniiis-Disney 
bill."  In  liis  report  to  tiie  Tliird  World  Power  Confer- 
ence, J.  C.  Dickerinan  of  tlie  Federal  Trade  Commis- 
sion reconnnended  that  the  use  of  natural  gas  be  re- 
stricted to  "allowable  classes."  '-  Even  among  members 
of  the  industry  there  is  some  support  of  the  restric- 
tion of  inferior  uses."  Most  oil  and  gas  producers, 
however,  oppose  any  restriction  of  the  markets  to 
which  oil  and  gas  can  be  sold.'^ 

Tlie  problem  of  efficient  use  of  oil  and  gas  is  in  part 
related  to  (he  prices  of  oil  and  gas  in  relation  to  the 
prices  of  competing  fuels.  Tlie  i-eservation  of  petro- 
leum products  to  more  urgent  uses  is  made  difficult  by 
the  existence  of  high  or  rising  prices  of  coal,  coke,  and 
electricity.  The  anthracite  coal  industry  in  particular 
has  been  subject  to  price  raising  efforts  of  the  dominant 
concerns,  so  much  so  that  comjietition  from  the  oil  in- 
dustry has  been  practical]}'  invited.'^  In  addition,  the 
present  tendency  of  Government  regidation  of  the  bitu- 
minous coal  industry  is  to  encourage  higher  costs — in 
tlie  direction  of  shorter  hours  and  liiglier  wage  earn- 
ings— and  rising  prices.  Witness  the  intended  plans  of 
the  National  Bituminous  Coal  Commission  to  establish 
a  kind  of  basing-point  system  with  uniform  delivered 
prices  witliin  certain  marketing  territories.  The  lack 
of  price  competition  in  the  coke  industry  along  the  At- 
lantic seaboard  has  probably  also  encouraged  the  use 
of  oil  and  gas,  particularly  during  certain  phases  of  the 
business  cycle.  On  the  other  hand,  the  effect  of  recent 
Government  regulation  of  tlie  electric  power  industry  is 
ill  tlie  direction  of  price  reduction.  Low  prices  of  coal 
and  electric  power  are  necessary  aids  to  the  restriction 
f>f  inefficient  use  of  oil  and  eas. 


w  National  Resources  Board,  loc.  cit.  The  U.  S.  Geological  Survey  in 
1909  recognized  that  there  were  superior  uses  of  oil  and  gas  ;  in  fact, 
they  associated  the  principal  waste  in  the  petroleum  industry  with 
utilization.     Bulletin  394.  op.  cit.,  pp.  47-49.  59. 

"  reftonKill.  op.  cit..  p.  271. 

"J.  C.  Iiielierman,  "Organization  of  tlic  Troduction,  Transportation, 
and  Distribution  of  Natural  and  Manufactured  Gas  in  the  United 
States  of  America,"  Third  M'orld  I'otccr  Conference,  sec.  II,  paper  6. 
p.  8. 

"  See  statements  of  C.  B.  .\mes.  chairman  of  the  board,  the  Texas  Co., 
W.  S.  Farish.  chairman  of  the  board.  Standard  Oil  Company  of  New 
Jersey,  and  Wirt  Franklin,  president.  Independent  Petroleum  Associa- 
tion of  America,  Petroleum  Inrestigation,  lOSi,  pp.  362-364,  674,  1395- 
1390. 

'*  Axtell  J.  Bylcs,  president  of  the  American  Petroleum  Institute, 
maintains  that  "there  is  no  waste  of  this  priceless  possession  in  Its 
current  and  full  use  to  supply  the  needs  and  the  comfort  of  people 
living  today  and  tomorrow."  Oil  and  Gan  Journal,  March  3,  1938, 
p.  Ml'.  .T.  Howard  Pew.  president  of  Sun  Oil  Co..  mainiains  that  there 
is  no  such  thing  as  an  inferior  use  for  iietroloim.  "I  deny  that  there 
is  any  use  which  is  inferior  to  any  other  use  and  I  do  not  I<now  that 
one  particular  use  is  superior  to  another,  unless  it  is  perhaps  Nujol 
•  •  •  To  say  that  it  Is  an  Inferior  use  to  biirn  fuel  oil  under 
a  boiler  and  it  is  a  superior  use  for  people  to  u.'se  g.asoline  in  joy  riding, 
I  do  not,  with  all  due  deference  to  Judge  Ames  whose  opinions  I 
respect,  but  I  do  not  get  it."  Petroleum  Inrestigation,  p.  383.  Note, 
however,  that  coal  can  be  burned  under  a  boiler  but  cannot  be  used  in 
an  automobile  engine. 

"Arthur  R.  Burns,  The  Decline  of  Competition,  p.  129. 


The  distribution  of  oil  and  gas  among  various  uses 
is,  to  some  extent,  controlled  by  the  net  profit  in  each 
use,  or  perhaps  more  accurately,  bj^  the  margin  of  price 
above  estimated  direct  cost.  Thus,  the  major  product 
of  jietroleum  is  one  tliat  has  a  \Yide  margin  of  this  kind 
and  is  therefore  able  to  bear  a  relatively  large  propor- 
tion of  tlie  overhead  costs.  For  various  uses  of  the  same 
product,  price  will  probably  serve  to  restrict  or  pro- 
hibit the  more  economically  inferior  uses,  provided 
that  production  is  not  wasteful  or  excessive.'*  That  is, 
the  uses  with  the  higher  utilities  will  be  satisfied  first. 
In  the  main,  tlie  imluslry  i)iefers  that  if  there  is  limi- 
tation of  u.se  it  be  accomplished  by  limiting  production 
so  that  only  enough  of  a  given  product  will  be  produced 
to  take  care  of  the  more  efficient  uses.''  In  the  absence 
of  otlier  provisions  such  restriction  would  probably  lead 
to  higher  prices. 

Under  conditions  of  excessive  production,  inferior 
and  less  economic  uses  of  oil  and  gas  make  their  appear- 
ance. There  is  a  rush  to  sell  any  product  of  oil  and 
gas,  as  there  is  to  sell  a  product  for  any  use.  Fuel  oil, 
which  could  be  manufactured  into  gasoline,  is  hurriedly 
sold  for  heavy  industrial  use  or  as  bunker  oil  and  thus 
displaces  coal.'^  Under  such  circumstances,  consider- 
able damage  is  done  to  railroads,  which  must  be  ready 
to  haul  coal  in  tlie  i)revious  volume  if  the  price  of  oil 
rises  and  buyers  shift  their  fuel  needs  back  to  coal.'° 

If  production  is  restricted  as  was  recomineiided  ear- 
lier in  this  section,  then  the  restriction  of  use  would  ap- 
pear desirable.  Otherwise,  producers  will  undoubtedly 
take  the  higher  prices  for  their  major  products  and  con- 
tinue to  sell  the  byproducts  for  inferior  uses  rather  than 
to  extend  their  refining  operations  at  the  expense  of 
greater  costs  and  produce  more  of  the  superior  prod- 
ucts.^" The  possibility  of  requiring  that  a  larger  percent- 
age of  petroleum  and  natural  gas  be  devoted  to  superior 
uses  tlepends  in  great  measure  upon  the  possibility  of 
manufacturing  a  larger  percentage  of  the  more  valuable 


"See  statement  of  W.  S.  Farish.  Petroleum  Investigation,  p.  G74. 

"Testimony  of  Wallace  E.  Pratt.  Humble  Oil  &  Ronning  Co..  ibid., 
pp.  2176-2177.  "•  •  •  then  the  production  would  not  bo  sufTiciont 
to  provide  for  so-called  'inferior  uses'  •  •  •  my  ijca  is  if  a  man 
has  an  automobile,  he  has  greater  need  for  liquid  fuel  than  a  man 
who  has  a  household  heating  plant,  and  that  he  would  pay  more  for 
gasoline ;  that  is,  the  man  who  uses  it  for  an  automobile  would  pay 
more  tlian  the  man  with  the  central  heating  plant  would  pay,  and  that 
would  in  itself  determine  and  save  Congress  tiie  problem  that  you 
present. '  Ibid.,  p.  2177.  Also  note  remarks  of  J.  Howard  Marshall. 
Ibid.,  p.  2G44. 

"  In  times  of  flush  production  the  result  is  the  improper  use  of  fuel 
oil.  which  is  dumped  upon  the  marlcet.  displacing  other  fuels.  It  Is 
sometimes  sold  for  as  little  as  20  cents  a  barrel  for  use  as  bunker  oil. 
See  statement  of  Wirt  T.  Franklin,  ibid.,  p.  1390. 

<»  Wirt  T.  Franklin  testified  that  the  dumping  of  imported  fuel 
oil  along  the  Atlantic  seaboard  in  1931  resulted  in  a  lo.ss  of  railroad 
freight  revenue  of  51  million  dollars.     Ibid. 

"As  Congressman  Pettengill  stated  in  discussing  the  problem  with 
Wallace  E.  Pratt,  of  the  Humble  Oil  &  Refining  Co.,  "It  seems  to  me, 
however,  it  is  a  little  illogical  to  resist  conservation  of  the  use  of 
petroleum  products  in  order  to  have  the  largest  market  possible,  and  at 
the  same  time  ask  for  legislation  to  curtail  production."     Ibid.,  p.  216'2. 
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products.  Although  refining  tecluiique  has  improved 
more  or  less  regularly  during  the  history  of  the  oil  in- 
dustry and,  as  a  result,  newer  refineries  are  able  to 
obtain  as  much  as  a  70-per  cent  yield  of  gasoline,  a  gov- 
ernmental requirement  that  these  high  yields  be  main- 
tained under  present  cost  relationships  in  the  industry 
would  undoubtedly  lead  to  lower  average  returns  on 
capital  investment.  If  in  the  light  of  a  conservation 
progi-am  maximum  yield  of  gasoline  is  deemed  impor- 
tant, the  Federal  Govenunent  might  consider  the  pos- 
sibility of  gi-anting  capital  subsidies  in  the  form  of  low 
rates  of  interest  for  the  construction  and  operation  of 
the  most  modern  refinery  equipment.  A  rise  in  the 
price  of  gasoline  probably  would  encourage  great 
yields. 

Under  present  conditions,  to  forbid  the  sale  of  less 
valuable  byproducts  such  as  fuel  oil  and  gas  oil  would 
undoubtedly  lead  to  waste.  In  order  to  operate  refin- 
ing companies  elEciently  throughout  periods  of  varying 
cyclical  and  seasonal  fluctuations,  some  freedom  of  ac- 
tion must  be  allowed  in  the  percentage  of  products 
turned  out,  and  in  the  markets  in  which  they  can  be 
sold.  Government  regulation  on  this  subject  should 
take  the  form  of  stimulating  the  development  of  a 
more  desirable  practice  from  the  standpoint  of  conser- 
vation and  not  of  any  outright  prohibition  of  the  sale 
of  any  given  product,  although  for  some  products,  par- 
ticular uses  might  well  be  prohibited. 

Definition  of  the  urgent  need  of  petroleum  products 
usually  leads  to  the  listing  of  gasoline,  lubricating  oils, 
and  kerosene.  These  are  the  products  which  yield  com- 
paratively high  prices.  Accordingly,  refinery  opera- 
tions should  be  based  primarily  on  the  requirements 
for  these  products."^  More  urgent  uses  for  liquid  fuel 
and  lubricating  oil  include  the  demand  for  their  use  by 
automobiles,  trucks,  battleships,  merchant  marine,  and 
other  uses  for  which  these  products  are  peculiarly 
adapted."  From  the  social  point  of  view,  it  may  be 
very  difficult  to  determine  what  uses  are  most  desirable. 
Price,  perhaps,  is  not  an  infallible  index.  Thus,  the 
use  of  natural  gas  for  making  carbon  black  is  usually 
considered  more  or  less  wasteful.  Yet  carbon  black  has 
contributed  greatly  to  the  life  of  automobile  tires  and 
led  to  a  tremendous  saving  outside  the  natural-gas  in- 
dustry."   Conservation   would   require   not  that   the 


"  Wirt  T.  FrankUn.  Petroleum  Investigation,  p.  1396.  That  petro- 
leum is  absolutely  necessary  for  lubricating  purposes  was  emphasized 
by  the  D.  S.  Geological  Survey  as  early  as  1909 ;  Bulletin  394,  op.  dt., 
p.  48. 

'^  Wallace  E.  Pratt,  Petroleum  Investigation,  p.  2177. 

» John  D.  GUI  and  E.  T.  Knight,  "What  are  the  Uneconomic  Uses  of 
Petroleum?"  A.  I.  U.  M.  E.,  Pet.  Dev.  Tech.,  19S8,  pp.  286-288.  It 
is  estimated  that  a  tire  made  with  carbon  blaclt  lasts  two  and  one- 
half  to  three  times  as  long  as  tires  made  with  the  next  most  suitable 
material.  It  is  stated  that  "over  the  last  15  years,  the  saving  to 
the  public  In  the  form  of  longer-life  tires  has  been  upward  of  40  times 
as  much  as  the  value  of  natural  gas  employed  for  the  production  of 


manufacture  of  carbon  black  be  prohibited  but  that  it 
be  produced  as  efficiently  as  possible  and  from  as  low- 
grade  fuel  as  possible. 

The  restriction  of  present  use  undoubtedly  will  mean 
the  reservation  of  more  crude  petroleum  and  natural  gas 
for  future  use.  Conservation  is  not  primarily  a  pro- 
gi'am  of  sacrificing  present  consumption  in  favor  of  pos- 
sible future  needs.  Yet  the  reservation  of  part  of  the 
reserves  for  future  use  is  not  an  altogether  undesirable 
governmental  progi-am,  because  at  the  pi-esent  time  the 
nearest  substitute  for  motor  fuel  would  probably  cost 
nearly  three  times  as  much  to  produce."'' 

The  regulation  of  the  use  of  oil  and  gas  may  require 
the  taxing  of  inferior  uses,  or  it  may  be  feasible  to  re- 
quire refineries  to  produce  certain  minimum  percentages 
of  designated  superior  products.  Such  a  means  of  regu- 
lation would  appear,  as  already  stated,  to  be  preferable 
to  outright  i^rohibition. 

Continued  Governmental  Inves- 
tigation and  Research 

In  order  to  promote  conservation  in  tlie  oil  and  gas 
industry,  it  is  recommended  that  the  Federal  Govern- 
ment continue  its  intermittent  investigations  into  the 
practices  of  the  industiy.  The  Congi-essional  petro- 
leum investigation  of  1934  undoubtedly  stimulated  an 
interest  in  the  subject  of  conservation  and  brought  to 
the  attention  of  operating  companies  the  necessity  of 
considering  the  social  implications  of  the  industry. 
Further  study  of  production,  transportation,  and  refin- 
ing practices  might  well  indicate  possible  advances  in 
the  direction  of  conservation. 

In  part,  it  is  the  Government's  responsibility  to  see 
that  there  is  no  arbitrary  restriction  on  the  use  of  the 
best  methods  of  producing  and  consuming  the  irreplace- 
able resources  of  oil  and  gas.  The  present  investigation 
of  the  Temporary  National  Economic  Committee  is  the 
kind  of  investigation  which  needs  to  be  carried  on  from 
time  to  time  to  see  that  monoi^olistic  influences  are  not 
unduly  holding  up  the  adoption  of  patented  methods 
which  represent  improvements  in  the  direction  of  more 
effective  utilization  of  oil  and  gas.  It  is  especially 
important  to  see  that  maximum  gasoline  mileage  is 
being  obtained,  that  the  efficient  Diesel  motor  is  being 
introduced  as  rapidly  as  jDOSsible,  and  that  the  most 
efficient  refinery  jirocedure  is  available  to  all. 

Technical  Government  research  into  the  production 
problems  of  the  industry  shoidd  be  continued.  In  the 
main,  Federal  agencies  are  better  equipped  for  this 
purpose,  but  there  is  no  reason  why  important  contribu- 


all  carbon  black  manufactured  in  this  country  for  whatever  purpose, 
even  when  valued  at  the  well  at  the  average  price  realized  for  natural 
gas  from  the  same  eource     •     *     *." 

"It  has  been  estimated  that  motor  fuel  from  coal  can  be  produced 
for  12  cents.    Petroleum  Inve$tigation,  p.  1400. 
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tions  cannot  be  made  by  State  laboratories  and  research 
bureaus.^'^  The  achievements  of  the  Bureau  of  Mines 
and  other  Federal  bureaus  have  made  notewortliy  con- 
tributions toward  improved  methods  of  production, 
refining,  transportation,  methods  of  consumption,  and 
the  use  of  byproducts."*'  In  several  instances  the 
Bureau  of  Mines  has  developed  and  made  available  to 
operatinfj  companies  improved  methods  of  manufac- 
ture, such  as  the  vapor-phase  cracking  process,  which 
was  developed  by  the  Bureau  of  Mines  and  offered  to 
the  industry  in  1916.=' 

Government  Ownership 

From  time  to  time  proposals  have  been  made  that  the 
United  States  add  to  the  j^resent  naval  and  other  gov- 
ernmental reserves  by  purchasing  outright  additional 
proved  oil  and  gas  territory.  In  this  manner  the  Gov- 
ermnent  lias  acquired  the  important  helium  reserve  in 
the  Panliandle  of  Tesas.=' 

TJie  complete  nationalization  of  all  oil  rights  in  line 
with  the  i^rocedure  followed  by  Germany  and  other 
countries  has  been  discussed  from  time  to  time  in  the 
Federal  Congress.  In  the  first  session  of  the  75th  Con- 
gress (1938)  a  resolution  was  introduced  by  Representa- 
tive John  M.  Coffee,  of  the  State  of  Washington,  pro- 
viding for  the  nationalization  of  the  oil  industry.-' 
'J'he  acquisition  of  all  oil  and  gas  rights  in  this  country, 
however,  would  probably  be  an  impossible  task,  since 
it  could  be  carried  out  only  by  the  purchase  of  these 
resei'ves  under  the  right  of  eminent  domain.^"  It  would 
probably  be  nuich  more  feasible  for  the  Federal  Gov- 
ernment to  pass  laws  taking  over  the  title  to  undis- 
covered oil  rights  as  was  done  in  Great  Britain.  As  an 
alternative,  the  Government  might  survey  the  remain- 
ing unexplored  territory  and  purcliase  the  more  favor- 
able locations.     Yet  a  more  effective  expression  of  the 


•^Technical  research  can  be  more  efDciently  executed  by  the  Federal 
Government  rather  than  by  some  technical  division  of  the  Interstate 
Oil  Compact  Commission,  such  as  was  recommended  by  Alexander 
Sachs  in  an  address  before  the  annual  meeting  of  the  A.  I.  M.  M.  E.  Oil 
and  Oaa  Journal,  February  24,  1D38,  p.  57. 

"  See.  for  example,  H.  C.  Fowler,  Petroleum  and  Natural-Gas  Studies 
of  the  Bureau  of  Mines,  Information  Circular  G737  (July  1933)  ;  Boyd 
Guthrie,  The  Bureau  of  Mines  and  the  Oil  lieflning  Industry,  a  speech 
delivered  before  the  regional  technical  meeting  of  the  Western  Petro- 
leum Refiners  Association,  Tulsa,  Okla.,  October  5,  1937,  and  released 
hy  the  Bureau  of  Mines,  and  also  an  accompanying  list  of  publica- 
tions of  the  Bureau  of  Mines  dealing  with  chemistry  and  refining  of 
petroleum  ;  and  .4  Selected  List  of  Bureau  of  Mines  Publieations  and 
Motion  Picture  Films  Dealing  irith  Petroleum,  Natural  Gas,  Helium, 
Oil  Shale,  and  Allied  Subjects,  issued  by  the  Bureau  of  Mines  through 
the  petroleum  experiment  station,  Bartiesvllle,  Okla.,  in  cooperation 
with  the  State  of  Oklahoma  (June  1,  1937). 

="  W.  F.  Hittman.  C.  B.  Dutton,  and  E.  W.  Dean,  Manufacture  of 
Gasoline  and  Bemine-Toluene  from  Petroleum  and  Other  Hydrocarbons, 
V.  S.  Bureau  of  Minps  Bulletin  114  (1916). 

"The  Cliffside  gas  field,  controlled  by  the  Federal  Government,  Is 
estimated  to  contain  a  reserve  of  100  billion  cubic  feet  of  natural  gas, 
with  a  probable  helium  content  of  1.8  billion  cubic  feet.  Minerals 
Yearbook,  1938,  p.  975. 

»U.  Kes.  7024. 

*•  Statement  of  C.  B.  Ames,  Petroleum  Investigation,  p.  358. 


Federal  interest  in  oil  and  gas  production  could  prob- 
ably be  carried  out  by  regulation  looking  toward  the 
adoption  of  conservation  practices. 

Prerequisite  Federal  and  State 
Legislative  Measures 

If  adequate  grounds  for  direct  Federal  regulation  of 
the  oil  and  gas  industry  are  constitutionally  available, 
as  many  have  suggested,"  the  regulatory  system  may  be 
comi^aratively  straightforward.  If  necessary,  indirect 
Federal  regulation  may  be  achieved  by  the  use  of  State 
subsidies  or  the  rebate  of  Federal  taxes.  The  question 
of  a  legal  basis  for  Federal  and  State  regulation  of  the 
oil  and  gas  industry  is  discussed  later. 

Federal  Oil  and  Gas  Conservation  Body 

Specifically,  it  is  proposed  that  a  Federal  oil  conser- 
vation board  or  commission  be  created  to  administer  the 
Federal  interest  in  the  oil  and  gas  industry  and  to  make 
necessary  rules  and  regulations  covering  the  production, 
treating,  and  refining  of  oil  and  gas.  The  board  .should 
take  over  the  powers  now  held  bj'  the  Interstate  Com- 
merce Commission  with  respect  to  the  transportation  of 
oil  and  gasoline  and  the  powers  of  the  Federal  Power 
Commission  over  pipe  line  movements  of  natural  gas. 
It  sliould  have  the  power  to  regulate  the  extension  of 
pipe  lines  or  railroads  to  new  oil  fields,  the  power  to 
allocate  production  quotas  among  producing  States 
(discussed  below),  and  the  power  to  require  that  oil 
and  gas  which  are  to  be  transported  in  interstate  com- 
merce be  extracted  b}'  such  methods  as  are  adequate  to 
avoid  waste  and  protect  the  interest  of  all  producers 
drawing  from  a  common  reservoir.'^ 

In  view  of  the  production  conditions  in  the  oil  and 
gas  industry,  it  appears  that  the  maximum  of  compre- 
hensive social  benefit  from  these  resources  requires  a 
far-reaching  authority  from  control  of  production  to 
control  of  competitive  energy.^^  Consequently  it  is 
proposed  that  such  a  regulatory  commission  be  related 
to  similar  boards  or  commissions  regulating  the  pro- 
duction, distribution,  and  use  of  coal,  water  power,  and 
electric  powoi-.    An  enerpy  resources  division  might  well 


"  See  the  proposals  of  Henry  L.  Doherty,  Included  in  Federal  Oil 
Conservation  Board,  Public  Hearings,  May  27,  192(i,  as  well  as  the 
favorable  comment  by  Donald  11.  Ford,  "Controlling  Oil  Production," 
30  Michigan  Law  Review  1170  (1932)  ;  referred  to  In  Northcutt  Ely, 
Oil  Conservation  through  Interstate  Agreement^  Federal  Oil  Con- 
servation Board  (1933),  p.  15. 

'2  Similar  provisions  were  proposed  by  James  G.  Stanley,  former 
counsel  general  of  the  Continental  Oil  Co.  In  1031,  "Call  for  Federal 
Regulation  Discus.sed,"  Oil  and  Oas  Journal,  September  17,  1931,  pp. 
24,  98,  99.  It  was  also  proposed  that  such  a  board  might  refuse  an 
application  to  extend  pipe  lines  or  rail  lines  to  new  fields  if  the  quan- 
tity of  oil  on  the  market  was  sufficient  to  meet  domestic  needs. 

5^  See  ludsun  C.  Dickcrman,  "Organization  of  the  Production,  Trans- 
portation, and  Distribution  of  Natural  and  Manufactured  Gas  In  the 
United  States  of  America,"  Third  World  Power  Conference,  See.  II, 
paper  No.  G,  Washington,  1936,  p.  8.  DIckerman  also  suggests  a  de- 
termination of  the  allowable  classes  of  use  for  natural  gas. 
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be  established  in  some  Federal  department,  perhaps  in 
a  new  Department  of  Conservation  or  of  Minerals. 

Strengthening  of  the  Connally  Act 

It  is  proposed  also  that  the  Connally  Act  be  amended 
so  that  the  act  will  provide  for  the  prohibition  in 
interstate  commerce  of  oil  and  gas  produced  in  violation 
of  Federal  as  well  as  State  laws.  Under  the  present  act 
the  States  regulate  for  the  Federal  Government,  in 
effect,  deciding  what  oil  can  be  transported  between  the 
States.  It  is  further  recommended  that  the  act  apply 
as  well  to  natural  gas  and  to  gasoline.  Likewise,  it 
should  be  provided  that  the  Interstate  Oil  Compact 
include  the  Federal  Government  as  a  member,^''  and 
that  the  compact,  to  be  an  effective  part  of  the  State 
regulatory  system,  include  representatives  of  all  pro- 
ducing States.  Moreover,  some  Federal  agency  should 
be  given  the  power  of  setting  compulsory  production 
quotas  for  States  by  montlis,  after  consultation  with 
the  members  of  the  Compact  or  some  similar  advisory 
commission  or  commissions  representing  oil  and  gas 
producing  States.  These  allowables  would  have  to  be 
enforced  by  means  of  the  control  over  movement  of 
crude,  perhaps  by  an  extension  of  the  present  system  of 
tenders  in  use  in  East  Texas. 

If  pi-oduction  is  adequately  regulated,  it  will  probably 
be  unnecessary  to  set  ciuotas  for  petroleum  refineries, 
although  such  a  provision  might  be  considered  as  a  pro- 
tective device  in  providing  for  the  observance  of  the 
regulatory  features  relating  to  production. ^^ 

Modification  of  State  and  Federal  Antitrust  Laws 

Antitrust  laws  should  be  modified  wherever  necessary 
to  allow  unit  operation  and  to  exempt  from  the  inter- 
dictions of  the  antitrust  laws  agreements  for  the  coop- 
erative exploitation  of  a  single  pool  provided  the  x^ub- 
lic  interest  is  safeguarded.'"  Such  a  provision  is  all 
the  more  necessary  if  unit  operation  has  to  proceed  on 
a  voluntary  basis.  Indeed,  some  State  laws  lack  such 
a  waiver. 

Pipe-Line  Divorcement 

Further  study  should  be  given  to  the  proposal  that 
integrated  or  semi-integrated  oil  companies  be  required 
to  divorce  themselves  of  their  pipe-line  holdings.  It 
may  be  that  the  independence  of  the  pipe-line  systems 
would  facilitate  a  system  of  regulation,  under  which 
the  Federal  interest  is  paramount,  and  in  particular, 


that  under  such  a  system  the  opening  of  unnecessary 
fields  and  unnecessary  wells  could  be  restricted  by  the 
prohibition  of  pipe-line  extensions,  and,  in  addition, 
that  the  restriction  of  pi-oduction  to  demand  could  be 
made  more  effective.  Divorcement  has  been  proposed 
at  various  times  by  independent  producers,  who  have 
complained  that  pipe  lines  do  not  observe  the  State 
regulations  relating  to  receipt  of  crude  and  pipe-line 
charges.  Divorcement  Avas  recommended  by  the  Pres- 
ident of  the  United  States  on  April  3,  1933." 

On  the  other  hand,  representatives  of  integrated  oil 
companies  have  maintained  that  the  divorcement  of 
])ipe  lines  would  harm  the  efficiency  of  large  producers 
and  that  a  pipe-line  system  is  an  integral  part  of  a 
large  concern,  just  as  essential  to  its  effective  operation 
as  is  a  refinery.  It  has  been  maintained  that  pipe-line 
facilities  are  more  than  adequate,  that  in  no  territory  is 
there  a  monopoly  to  any  one  company,  and  that  sep- 
arate ownership  of  pipe  lines  would  lead  to  discrimina- 
tion against  many  small  producers  of  crude.  It  is  also 
held  that  the  pipe-line  sj'stems  would  be  an  unprofit- 
able investment,  the  implication  being  that  integrated 
companies  now  furnish  transjaortation  service  at  cost  to 
themselves  and  their  customers.  Profits,  however,  ap- 
parently have  been  liberal. ''''' 

Perhaps  granting  to  the  Interstate  Commerce  Com- 
mission the  power  to  initial  rate  changes,  as  under  the 
present  Lea  omnibus  bill,  would  give  the  Federal  Gov- 
ernment sufficient  control  over  pipe-line  movements  of 
oil  and  gasoline. 

Public  Utility  Status 

It  is  recommended  that  the  advisability  and  pos- 
sibility of  declaring  the  petroleum  and  natural  gas 
industries  public  utilities  be  investigated.  Although 
oil  and  gas  production  is  usually  regulated  by  the  same 
commissions  which  regulate  public  utilities,  it  is  in  the 
comparative  lack  of  control  over  the  amount  of  invest- 
ment tliat  States  distinguish  the  oil  industry  from  the 
utilities.  AVith  a  public-utility  status  placed  on  the 
industry,  commissions,  both  State  and  Federal,  would 
have  more  effective  grounds  for  controlling  drilling, 
proration,  and  production,  and  the  transportation  of 
oil  and  gas  in  State  and  interstate  commerce.  Such  a 
status,  however,  may  be  difficult  to  establish.  A  Tennes- 
see statute  imposing  a  public-utility  status  on  the  sell- 
ing of  gasoline  was  held  invalid  by  the  Federal  courts.'^ 


**  The  entrance  of  tlie  Federal  Government  in  tbe  compact  as  a  co- 
operating agency  has  been  proposed  by  Governor  Huxman.  of  Kansas. 
See  a  report  to  the  National  Resources  Committee,  on  Experience  of 
Kansas  under  Petrohum  Production,  November  1938,  pp.  11,  14—20. 
The  Kansas  State  Planning  Board  has  recommended  giving  the  com- 
pact more  power  to  control  production. 

^''  See  the  proposals  of  Chairman  Ernest  O.  Thompson  of  the  In- 
terstate Oil  Compact  and  also  of  the  Texas  Railroad  Commis-sion, 
Journal  of  Commerce,  October  21,  1938,  p.  1. 

="  See  Stanley,  op.  cit.,  p.  99. 


^' For  the  President's  proposal,  see  Petroleum  Investigation,  B3i,  pp. 
1423,  1617.  For  statements  of  the  Independent  Petroleum  Association 
opposed  to  monopoly  and  of  other  representatives  of  independents,  see 
ihid.,  pp.  2093,  2110,  2363-64,  2372. 

='»  For  the  viewpoints  of  J.  Edgar  Pew,  president  of  the  Sun  Oil  Com- 
pany, sie  ihid.,  pp.  2049-53,  and  of  Frank  Phillips,  see  iW.,  P-  1617. 
On  profits,  see  ihid..  pp.  1616-17,  2390.  One  estimate  of  profits  was  as 
high  as  25  percent. 

=s  Williams  V,  Standard  Oil  Company  of  Louisiana.  278  U.  S.  235 
(1929)  ;    quoted    in    Ely,    51   Harvard   Law   Review    1224-1225.     "That 
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III  any  event,  the  historj'  of  public  utility  regulation, 
especially  the  determination  of  ''fair  rate  of  return" 
and  "fair  valuation"  does  not  •rive  nmch  promise  that 
this  method  of  supervising  the  oil  and  gas  industry 
would  be  immediately  satisfactory. 

Change  in  Concept  of  Ownership 

In  many  States  the  courts  have  already  modified  the 
rule  of  capture  so  that  a  landowner  can  recover  only  a 
certain  amount  of  oil  witliin  a  given  period.  The  set- 
ting of  "ratable  takings"  and  of  well-spacing  provisions 
has  been  established  as  part  of  the  regulatory  systems 
of  most  oil-producing  States  and  upheld  by  the  State 
courts,  with  the  important  exception  that  many  States 
provide  that  a  certain  minimum  allowable  must  be 
given  to  all  wells  in  the  State.  In  Texas  these  mai-ginal 
well  provisions  absorb  such  a  large  percentage  of  the 
total  proration  for  the  State  that  the  Texas  Railroad 
Commission  has  no  discretion  over  the  allotment  of 
alnu)st  three-fourths  of  the  State's  allowable.'''-'  Al- 
though the  right  of  capture  has  been  modified  some- 
what, it  needs  to  be  completely  displaced  by  a  thorough- 
going law  of  ownei-ship  in  place,  which  would  allot  to 
each  producer  that  proport  ion  of  the  oil  and  gas  in  the 
common  reservoir  which  underlies  the  land  he  owns  or 
controls."  A  "ratable  taking"'  based  primarily  on  oil 
in  place  was  proposed  by  the  allocation  committee  of  the 
American  Petroleum  Institute." 

The  concept  of  ownership  of  oil  and  gas  resources 
cannot  be  changed  unless  acreage  content  of  these  i"e- 
sources  can  be  measured  with  reasonable  accuracy. 
Judges  probably  would  follow  the  engineers  in  substi- 
tuting acreage  content  if  they  had  confidence  in  the 
ability  of  the  engineers  to  check  each  other  within  rea- 
sonable bounds.'-  Engineers  of  the  Bureau  of  Mines 
maintain  that  the  technical  problem  lias  been  solved 
provided  that  the  necessary  data  for  such  measure- 
ments are  obtained.''^     Tender  ])i'ospnt  methods  of  de- 


stntiitc  rpprcsonts  one  of  tlie  vory  few  attcmpfs  to  brinK  any  phase  of 
the  oil  business  (save  transportation)   Into  the  public  utility  fold." 

"Railroad  Commission  of  Texas.  Status  of  the  AUoicttblcs  of  Mar- 
flinal  and  Proralnhle  Wells  on  Oil  Proration  Schedules  cfTective  Jan- 
nary  1.  lO.'iO.  In  the  E.ist  Texas  Field,  98  percent  of  the  production 
comes  in  under  the  marginal  well  statute. 

*•*  Such  suggestions  have  been  made  by  the  following;  Earl  Oliver, 
"Changes  Needed  in  Oil  Ownership  Ijiw,"  Oil  and  (las  Journal,  July  23, 
1!>.'U,  p.  15 ;  Henry  M.  Bates,  Dean  of  the  Michigan  Ijiw  School, 
"Some  Constitutional  .\spects  of  the  Oil  I'roblem,"  A.  I.  M.  M.  E., 
Pet.  Dee.  Tech.,  /:i,?5,  p.  100  ;  H.  D.  Wilde,  Humble  Oil  and  Refining 
Company,  .i.  /.  il.  it.  E.,  Pet.  Dee.  Teeh.,  19.11,  p.  42  ;  Eugene  A.  Ste- 
phi>ns<>ii.  "Acreage  and  Potential  Factors  in  Allocation,"  Pet.  Dev. 
Teeh.,  W37,  pp.  172-73. 

*i  Stephenson,  loc.  cit. 

«OiJ  and  Oaa  Journal,  October  1.5,  1931,  p.  32;  Pettengill,  op.  eit., 
pp.  SO  and  96. 

"  U.  C.  Miller  and  Ben  E.  Lindsly,  then  petroleum  engineers  of  the 
U.  S.  Bureau  of  Mines,  testified  in  Petroleum  Investigation  that  "there 
is  no  technical  reason  why  the  quantity  of  oil  and  gas  in  the  reser- 
voir   cannot    be    estimated    with    reasonable   accuracy    and   allocated    to 
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velopiueiil  and  operation  the.se  data  arc  not  collected, 
but  under  unit  operation  they  could  be  without  entail- 
ing much  production.  Others  have  maintained  that 
eiigiiieeis  cannot  actually  determine  oil  in  i)lace  under 
a  particular  tract  of  land.'^  Moreover,  the  Texas  Su- 
preme Court  decided  on  June  12,  1935,  in  Brown  v. 
Ihunhle  OH  ami  Refniny  Company '^'^  that  although 
tlie  rule  of  capture  was  still  in  eflfect  "it  is  now  recog- 
nized that,  when  an  oil  field  has  been  fairly  tested  and 
develoiH'd,  experts  can  determine  approximately  the 
amount  of  oil  and  gas  in  place  in  a  common  [)ool,  and 
can  also  equitably  determine  the  amount  of  oil  and  gas 
recoverable  by  the  owner  of  each  tract  of  land  under 
certain  opei'ating  conditions."  In  a  recent  case  up- 
holding an  Oklahoma  well-spacing  act,  the  Supreme 
Court  of  that  State  held  that,  within  spacing  units, 
the  production  of  petroleum  was  equitably'  divided  on 
an  acreage  basis."'  This  case  assumes  that  in  small 
])]ots  the  ownership  of  oil  in  place  is  proportional  to 
the  surface  acreage. 

A  more  difficult  problem  relates  to  the  ownership  of 
reservoir  energy:  whether  it  should  be  allocaicd  aiiiong 
common  owners  of  the  oil  jwol  or  whether  it  should  be 
valued  on  some  fair  basis  and  credited  to  owners  of 
land  above  the  water-drive  and  gas  caps  as  well  as 
above  the  oil  pool.*'  Another  problem  relates  to  the 
introduction  of  new  lease  forms  which  will  allow  the 
assignment  of  rights  to  the  operator  of  a  unit  pool 
plan.  Standard  conservation  clauses  could  be  substi- 
tuted for  the  claus(>s  in  most  leases  now  requiring  im- 
mediate development  and  production. ^^  The  use  of 
some  kind  of  community  lease  or  a  similar  modified 
lease  form,  which  will  free  the  company  from  the  obli- 
gation of  operating  the  well  according  to  fixed  condi- 
tions is  a  necessary  preliminary  to  a  plan  of  unit  devel- 
ojJinent,  either  compulsory  or  voliintaiT.''" 


the  owners  of  the  gas  and  oil  rights  in  fair  proportion  to  the  amount 
originally  under  their  surface  holdings."  Petroleum  Investigation, 
p.  1271 ;  also  see  Earl  Oliver,  "Can  the  Rule  of  Capture  be  Rational- 
ized?" A.  I.  M.  M.  E.,  Pet.  Dev.  Tech.,  19.n,  pp.  140-41^2  ;  and  also 
F.  O.  Martin,  Geologist,  Union  Oil  Company  of  California,  A.  I.  M. 
if.  E.,  Pet.  Dev.  Tech.,  1928,  p.  781.  Martin  believes  it  should  be  based 
on  acreage. 

"  See,  for  example.  J.  U.  Parten,  "Unit  Operation  Would  Not  Work 
to  the  Good  of  the  Majority,"  Oil  Weekly,  December  18,  193],  pp.  20, 
69-71. 

«126  Tex.  296,  83  S.  W.  (2d)  935  (1935):  Of.  Pettengill.  op  eit., 
p.  89. 

"77  Pacific  (2d)  S3.  This  decision  was  based  on  the  Oklahoma 
State  Law.  S.  L.  1935,  52  Okla.  St.  Ann.  par.  87,  subd.   (C). 

"  On  this  problem  see  "Reservoir  Energy :  Its  Source,  Ownership. 
and  Utilization  in  the  Production  of  Petroleum,"  A.  I.  J/,  il.  E..  Pet. 
Dev.  Tech..  I'MI,  pp.  23-28. 

•"  See  Ely.  51  Harvard  Law  Itevieic  1239  ;  also  see  Umpleby,  A.  I.  if. 
if.  E.,  Pet..Dev.  Tech.,  mO.  p.  428. 

"  See  also  Fay  1..  Wright,  "Some  Economic  Aspects  of  the  Com- 
munity Oil  Lease,"  A.  I.  M.  if.  E.,  Pet.  Dev.  Tech.,  192S,  pp.  769-771 ; 
and  statement  of  E.  A.  Stephenson,  A.  I.  M.  M.  E.,  Pet.  Dev.  Tech., 
19.3.3,  p.  4!. 
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Question  of  Legal  Basis  for  Regulation 

Legal  Basis  for  Federal  Regulation 

Perhaps  the  strongest  basis  for  Federal  regulation  of 
production  and  distribution  of  oil  and  gas  lies  in  the 
Federal  Government's  power  to  regulate  interstate 
commerce.  The  commerce  clause  of  the  Constitution 
has  been  broadly  interpreted  in  the  last  2  years.  The 
cases  relating  to  the  power  of  the  National  Labor  Eola- 
tions Board  to  regulate  industrial  relations  of  com- 
panies engaged  in  interstate  commerce  indicated  in 
1937  that  the  commerce  clause  applies  to  industrial 
concerns  which  obtain  a  majority  of  their  raw  mate- 
rials from  other  States  and  which  sell  most  of  their 
products  to  customers  in  other  States.^"  Moreover,  the 
Federal  courts  have  held  that  although  activities  may 
be  intrastate  in  character,  when  separately  considered, 
Congress  cannot  be  denied  the  power  to  regulate  them 
if  they  have  such  a  close  relation  to  interstate  com- 
merce that  their  control  is  appropriate  to  protect  that 
commerce  from  obstruction.^^  If  industries  are  organ- 
ized on  a  national  scale  so  that  their  activities  are  pre- 
dominantly interstate  in  character,  the  uidustry  can  be 
regulated  under  the  commerce  clause.^- 

More  recently  the  power  of  the  Federal  Government 
over  interstate  commerce  has  been  extended  m  the  case 
of  the  National  Labor  Relations  Board  v.  The  Consoli- 
dated Edison  Company  of  Neio  York,  where  it  was 
held  (Chief  Justice  Hughes  writing  the  opinion)  that 
the  Federal  Government  has  jurisdiction  over  a  com- 
pany whose  operations  are  entirely  intrastate  in  char- 
acter, provided  that  the  concern  furnishes  services  es- 
sential to  the  maintenance  of  interstate  commerce."' 
The  opinion  pointed  out  that  serious  interruptions 
might  occur  in  interstate  and  foreign  commerce  if  in- 
dustrial strife  stopped  the  operation  of  the  services  of 
the  Consolidated  Edison  Co.  Moreover,  it  was  held 
that  the  exertion  of  Federal  power  does  not  have  to 
await  the  disruption  of  that  service."* 


^National  Lahor  Relations  Board  v.  Jones  and  Laughlin  Steel  Cor- 
poration; National  Lahor  Relations  Board  v.  Freuhauf  Trailer  Com- 
pany; and  National  Labor  Relations  Board  v.  Friedman-Earry  Marks 
Clothing  Company,  Inc.;  301  U.  S.  1,  37,  53,  54,  72-74  (April  12 
1937). 

"  National  Lahor  Relations  Board  v.  Jones  and  Laughlin  Steel  Cor- 
poration, 301  D.  S.  1   (1937). 

<•'  National  Labor  Relations  Board  v.  Jones  and  Laughlin  Steel  Cor- 
poration, 301  U.  S.  41. 

^  83  Law  Ed.  131 ;  also  see  New  York  Times  press  dispatches,  Decem- 
ber 6,  1938,  pp.  1,  20.  In  pointing  out  that  The  Consolidated  Edison 
supplies  electricity  to  major  railroads  operating  out  of  New  York,  to 
the  Port  of  New  York  Authority,  Holland  Tunnel,  steamship  piers, 
telegraph  and  radio  corporations,  and  to  Government  activities,  in- 
cluding the  post  office.  Chief  Justice  Hughes  said,  "It  cannot  be 
doubted  that  these  activities,  while  conducted  within  the  State,  are 
matters  of  Federal  concern.  In  their  totality  they  rise  to  such  a  de- 
gree of  importance  that  the  fact  that  they  involve  but  a  small  part  of 
the  entire  service  rendered  by  the  utilities  in  their  extensive  business 
is  immaterial  in  the  consideration  of  the  existence  of  the  Federal  pro- 
tective power." 

^Ibid.,  p.  20. 


This  decision  would  seem  to  furnish  a  basis  for  Fed- 
eral regulation  of  production  of  oil  and  gas  and  of  con- 
servation measures  looking  to  the  protection  of  the 
public  against  the  waste  of  an  irreplaceable  resource. 
Tlie  production  and  transportation  of  oil  and  gas  make 
up  a  stream  of  interstate  commerce  so  continuous  and 
so  widespread  that  a  national  economic  policy  under 
Federal  control  is  clearly  in  the  public  interest."" 

Moreover,  the  various  antitrust  cases  seemed  to  indi- 
cate the  considerable  extent  of  the  Federal  power  under 
the  commerce  clause  to  correct  recurring  and  continuous 
abuses  in  competitive  practices  which  lead  to  interstate 
demoralization  of  one  sort  or  another  in  the  market. 
In  addition,  Chicago  Board  of  Trade  v.  Olsen  seemed 
to  indicate  that  anything  which  produces  violent  fluc- 
tuations in  a  national  market  for  a  socially  necessary 
product  is  subject  to  Congi-essional  control."^  Conser- 
^'ation  of  oil  and  gas  and  interstate  commerce  in  these 
commodities  would  appear  to  be  so  closely  related  that 
the  industry  is  a  matter  of  Federal  regulation.  In- 
effective conservation  of  oil  and  gas  resources  will 
hasten  tlie  rise  in  prices  which  many  of  the  agencies  of 
commerce  will  have  to  pay  for  their  fuel."^  The  con- 
tinued waste  of  oil  and  gas  and  the  early  threatened 
exhaustion  of  limited  resources  might  result  in  a  far 
more  severe  interruption  to  interstate  commerce  than 
would  a  strike  in  an  electric  jDower  plant  in  New  York 
Cit}^  The  Federal  Government's  power  over  this  basic 
national  industry  would  appear  to  be  essential.  In- 
sofar as  it  is  necessary  to  make  Congi'essional  control 
of  interstate  commerce  effective,  Congress  possesses  the 
power  to  make  proper  and  reasonable  regulations  of 
interstate  activities,  including  the  regulation  of  prop- 
erty."' 

Almost  equally  important  as  a  basis  for  Federal  reg- 
ulation is  the  power  of  the  Federal  Government  to 
provide  for  the  national  defense.  The  World  War  dem- 
onstrated the  military  significance  of  petroleum,  and, 
under  present  methods  of  warfare,  gasoline  and  fuel 
oil  have  become  indispensable.""    Men  in  the  indus- 


"  James  G.  Stanley,  op.  cit.,  p.  24. 

»  See  testimony  of  J.  Howard  Marshall,  member  of  the  Petroleum 
Administrative  Board,  former  special  assistant  to  the  .\ttorney  Gen- 
eral, and  member  of  the  Federal  Tender  Board  in  the  East  Texas  field, 
Petroleum  Investigation,  193!,,  pp.  2614,  2616.  For  further  discussion  of 
the  problem  of  Federal  regulation  see  ibid.,  pp.  2640-2646. 

"  Ibid.,  p.  2618. 

=8  Shreveport  Kate  Cases,  234  U.  S.  342 ;  McDermott  v.  Wisconsin, 
228  U.  S.  115.     See  also  Henry  M.  Bates,  op.  cit.,  pp.  201-205. 

'•It  is  estimated  that  during  1938  the  Navy  Department  alone  con- 
sumed 8.2  million  gallons  of  fuel  oil,  235,000  gallons  of  Diesel  oil,  10.5 
millions  of  aviation  gasoline,  and  5.2  million  gallons  of  gasoline.  Of 
course,  these  requirements  would  he  many  times  increased  in  case  of 
war.  In  fact,  the  need  in  time  of  war  is  so  great  that  the  Navy  will 
continue  to  supply  its  requirements  from  commercial  production  and 
retain  its  own  petroleum  reserves  against  possible  depletion  of  com- 
mercial fields. 
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try,""  attorneys,*'  and  Government  agents  °-  have  from 
time  to  time  indicated  that  petroleum  is  crucial  to  our 
national  safety.  Most  attorneys  agree  that  if  war 
were  imminent  Congress  could  be  empowered  to  con- 
trol oil  production.'^  Whether  the  national-defense 
clause  furnishes  an  adequate  basis  for  peace-time  regu- 
lation is  another  question.  As  long  as  the  prerequisite 
legislation  was  a  "reasonable''  exercise  of  the  war 
power,  it  would  be  uphekl  as  constitutional,"^  but  at- 
tornej-s  do  not  agree  on  what  action  would  be  "reason- 
able." Many  argue  that  the  Government  should  control 
the  reserves  even  in  times  of  i^eace  so  that  oil  will  be 
available  in  the  future  at  a  reasonable  price."'  There 
are  others  who  argue  that  the  Government  could  acquire 
sufficient  reserves  through  condemnation.'"'''    Still  others 


"Wirt  Franklin,  president  of  the  Franklin  Petroleum  ComiJany,  said, 
"•  •  •  our  only  safety  as  a  Nation  lies  in  providing  that  tlic  oil 
Industry  shall  at  all  times  be  kept  up  to  the  highest  pitch  of  efficiency," 
Petroleum  Investigation,  mi.  p.  1400.  In  this  connection,  see  the 
proposals  of  Henry  L.  Doherty,  Federal  Oil  Conservation  Board,  Public 
nearings.  May  27,  1926,  pp.  24-26,  64. 

"  Statement  of  James  A.  Veasey,  then  general  counsel  of  the  Carter 
Oil  Co.,  Petroleum  Investigation,  ISSi,  p.  1722;  .ilso  James  G.  Stanley, 
"Call  for  Federal  Regulation  Discussed,"  Oil  and  Oaa  Journal,  Sept.  17, 
1931,  pp.  24,  98,  99 ;  also  addresses  delivered  by  Dean  Henry  M.  Bates, 
of  Michigan  Law  School,  and  Dean  Roscoe  Pound,  of  Harvard  Law 
School,  before  the  petroleum  division  of  the  A.  I.  M.  M.  E.  In  New  York 
City  on  February  22,  19;!4,  quoted  in  Petroleum  Investigation,  J»3'i,  pp. 
1S64-74.  Dean  Pound  declared:  •■••••  If  there  is  one  thing  tlie 
books  do  insist  upon,  it  is  that  pi'troleum  is  file  very  vitals  of  prepara- 
tion. I  say  if  the  Pacific  roads  could  he  built  by  the  Federal  Govern- 
ment under  the  war  power,  I  don't  see  why  petroleum  couldn't  be  con. 
served  on  the  same  basis." 

"  Secretary  Harold  L.  Ickes  has  from  time  to  time  stated  his  belief 
that  the  Government  should  control  oil  production  to  safeguard  petro- 
leum reserves  for  national  defense.  Petroleum  Investigation,  JDSj,  p. 
IGS  ;  also  an  address  entitled  "Oil  and  the  World  We  Live  In,"  deliv- 
ered In  Houston,  Texas,  October  15,  1937  ;  and  a  statement  by  Secre- 
tary Ickes  before  a  Subcommittee  of  the  Committee  on  Finance,  United 
States  Senate,  Hearings  on  S.  100,  Fehruavy  1937,  Washington,  1937,  p.  4. 
Recently  Secretary  Ickes  said,  "I  think  that  the  United  States  has  been 
rcmi-ss  for  a  long  time  in  not  having  passed  a  regulatory  act  which 
would  stop  waste  and  conserve  our  oil  for  future  generations.  This  Is 
particularly  important  now  In  view  of  the  fact  of  Its  relationship  to 
what  we  are  doing  for  national  defense,"  Nev>  York  Times,  November 
4,  1938,  p.  48,  and  Henry  D.  Ralph,  "Ickes  Still  Prefers  Federal  Oil 
Control."  Oil  and  Oas  Journal,  November  10,  1938,  p.  28,  statement  by 
Norman  L.  Meyers,  then  chairman  of  the  Federal  Tender  Board,  Petro- 
leum Investigation,  I'JSi,  p.  1988. 

"For  example,  statement  by  Veasey,  ibid.,  p.  1720. 

•'/bid.,  p.  1721. 

•^Nathan  R.  Margold,  then  chairman  of  the  Petroleum  Administra- 
tive Board,  and  also  the  solicitor  of  the  Interior  Department,  held  that 
"•  •  •  looking  ahead  beyond  that  and  into  the  future,  It  is  well  tor 
the  nation  to  have  even  a  privately  owned  supply  for  Its  use  at  the 
time  when  the  need  arises  for  the  Government  to  acquire  It,  and  it  is 
well  for  the  Government  to  be  able  to  get  it  at  a  fairly  reasonable 
price.  The  cost  Is  something  which  Congress  could  have  in  mind,  and 
Congress  can  compel  conservation  of  presently  available  cheap  sources 
of  supply  of  oil  and  the  continuance  of  that  cheap  supply  for  a  much 
longer  period  of  time."  Petroleum  Investigation,  lOS-U  p.  437.  This 
same  viewpoint  Is  held  by  Wirt  Franklin,  ibid.,  p.  1426,  and  Norman  L. 
Meyers,  ibid.,  p.  1988.  Margold  further  states  that  "•  •  •  the 
courts  have  held  that  the  Federal  Government  has  the  power  to  estab- 
lish naval  reserves  under  the  war  power.  If  It  has  power  to  have  and 
to  conserve  the  supply,  I  do  not  think  that  It  can  be  said  under  any 
conceivable  circumstance  that  Congress  would  he  acting  capriciou.sly  if 
it  declared  and  found,  and  legislated  accordingly,  that  It  was  in  the 
interest  of  the  national  defense  to  preserve  for  a  long  time  our  chief 
source  of  petroleum  through  compulsory  scientific  development  of  oil 
field  and  curtailment  of  production  to  market  demand."     Ibid.,  p.  480. 

""W.  S.  Farish,  chairman  of  the  board.  Standard  Oil  Company  of 
New  Jersey,  Petroleum  Investigation,  193'i,  p.  749. 


believe  that  the  Government  should  purchase  oil  fields 
and  close  them  in  until  such  times  as  they  are  needed."^ 
In  any  event  conservation  of  oil  and  maintenance  of 
adequate  reserves  are  sufficiently  basic  to  national  de- 
fense to  justify  attempts  at  regulation,  regardless  of 
wjiether  war  appeal's  immediately  imminent. 

An  additional  base  for  Federal  action  would  seem  to 
lie  in  the  taxing  power  of  the  Government.  Wasteful 
practices  might  be  restricted,  and  efficient  unit  opera- 
tion provided  for,  by  Federal  measures  based  at  least 
in  part  on  the  power  of  the  Government  to  tax  for  the 
general  welfare. 

Legal  Basis  for  State  Regulation 

State  regulation  of  the  oil  and  gas  industry  is  based 
upon  the  jiolice  power  and  its  use  to  provide  for  the 
general  welfare.  It  has  been  suggested  that  this  power 
is  already  sufficient  for  the  initiation  of  a  system  of 
unit  operation,"*  although  a  further  change  in  the  law 
of  ownership  of  mineral  rights  would  probably  be 
required.  To  date.  State  statutes  controlling  flush 
production  and  regulating  drilling  have  been  based 
on  the  State's  power  both  to  j)rotect  a  iiutiinil  resource 
against  waste  and  to  protect  joint  owners  of  a  common 
pool.  Of  the  leading  oil-i^roducing  States,  California 
leans  to  tlie  correlative  rights  basis,  Texas  to  the  waste 
basis,  and  Oklahoma's  statutes  rest  on  both.""  More  re- 
cently, the  Federal  court  in  Texas  has  approved  the 
restriction  of  natural  gas  j^roduction  on  the  basis  of 
correlative  rights.'*  In  this  decision  the  judges 
pointed  out  that  the  sour  gas  proration  law  was  "al- 
most a  necessary  exercise  of  the  police  jiower  to  protect 
owners  of  wells,  whose  unrestricted  right  of  capture 
the  statute  has  lawfully  invaded  in  order  to  protect  the 
gas  reserves  from  dissipation  in  inferior  uses,  from 
having  their  gas  drained  away  by  the  disproportionate 
takings  of  other  owners  from  the  reservoir."  The 
Texas  Railroad  Commission's  contention,  upheld  by  the 
court,  was  that  the  operators  had  produced  all  the  gas 
originally  underlying  their  land  and  that  no  injury 
was  shown  by  the  restriction.'^  The  Slate's  right  to 
regulate  i^roduction  has  also  been  based  on  the  general 
power  to  abate  nuisances  and  more  recently  in  some 
States  upon  the  power  to  restrict  production  for  pur- 
poses of  economic  stabilization  without  reference  to 
conservation."    The  recent  Oklahoma  decision,  Patter- 


"'  Ernest  0.  Thompson,  member  of  the  Texas  Railroad  Commission, 
Petroleum  Investigation,  lOg.'i,  p.  1806. 

»  Bates,  op.  cit.,  p.  199. 

"For  citations  see  Ely,  51  Harvard  Law  Review  1223. 

"  "Order  on  Sour  Gas  Quota  Upheld  In  Federal  Court,"  Oil  and  Oas 
Journal,  July  28,  1938,  p.  79. 

n/6id.    , 

''  See  discussion  by  Ely,  51  Harvard  Law  Review  1222-1225 ; 
also  "Acreage  Content  Standard  or  Ownership,"  Oil  and  Gas  Journal, 
October  15,  1931,  p.  32  ;  also  LeRoy  H.  Hines,  Some  Aspects  of  Unit 
Operation  of  Oil  and  Gas  Pools  and  Fields,  V.  S.  Geological  Survey, 
11)34,  pp.  11-13. 
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son  V.  the  StanoVnul  Oil  and  Gas  Company,'^  would 
seem  to  indicate  that  tract  unit  operation  may  be  pro- 
vided for  under  well  spacing  statutes,  which  allow  only 
one  well  to  a  certain  acreage  regardless  of  ownership. 
Complete  field  unit  operation  would  raise  additional 
problems,  particularly  relating  to  the  rights  of  the 
owners  of  the  gas  cap:  but  this  case  seems  to  offer  an 
avenue  of  extending  the  State's  power  in  the  direction 
of  enforced  unit  operation.  In  part  tliis  case  hinged 
upon  the  gi-eater  return  which  the  owners  of  prop- 
erty might  obtain  under  more  coordinated  production. 
It  has  been  suggested  that  unit  operation  could  be 
achieved  by  a  State  law,  based  upon  the  correlative 
rights  theory,  which  made  the  joint  owners  of  the  pool 
tenants  in  common  on  the  basis  of  proportionate  deter- 
mination of  the  contents  of  the  pool.'*  A  method  of 
setting  up  unit  operation  was  suggested  by  J.  A. 
Yeasey,  general  counsel  for  the  Carter  Oil  Co.,'°  in  dis- 
cussing the  Cedar  Rust  case,  in  which  the  Supreme 
Court  of  the  United  States  held  that  under  its  police 
power  the  State  of  Virginia  could  order  the  destruc- 
tion of  infected  cedar  trees  within  a  designated  radius 
of  apple  orchards  without  compensation  to  the  owners 


of  the  cedar  trees.  Veasey  suggested  that  a  police 
measure  could  be  adopted  which  would  defer  the  use  or 
limit  the  production  of  free  gas  at  the  top  of  a  reser- 
voir or  of  gas  in  association  with  petroleum  in  the  case 
of  properties  having  an  advantage  with  respect  to 
reservoir  energy.  This  would  seem  to  oi^en  the  way 
for  unit  operation  of  a  pool  and  for  deferred  capture 
of  the  free  gas.  The  gas  owner  would  have  to  •wait 
until  all  the  oil  was  produced  from  his  property.  Or 
some  equitable  method  of  evaluatmg  the  gas  might 
provide  more  effectively  for  a  sharing  of  the  gross  pool 
receipts  among  the  joint  owners  of  both  oil  and  gas. 
If  tlie  State  lias  the  power  to  i-egulate  reservoir  energy, 
this  could  be  made  an  effective  wedge  for  the  adoption 
of  unit  operation."''  Suggested  State  bills  providing 
for  voluntary  unit  operation  were  issued  by  the  Fed- 
eral Oil  Conservation  Board.'' 

The  economic  advantages  of  unit  operation  and  sci- 
entific management  of  oil  and  gas  pools  are  so  over- 
whelming and  so  generally  approved  by  technicians 
that  some  legal  device  of  providing  for  their  adoption 
and  enforcement  will  surely  be  forthcoming  as  the 
threat  of  exhaustion  becomes  more  severe.'* 


"77  Pacific  (2d)   S3. 

■<  Charles  G.  Haglund,  22  Kentucky  Laic  Journal,  564-565  (May 
1934)  ;  see  also  Earl  Oliver,  "Can  the  Rule  ot  Capture  Be  Rational- 
ized?"    A.  I.  M.  M.  E.,  Pet.  Dev.  Tech.,  1937,  p.  151. 

'^  J..  /.  M.  M.  E.,  Pet.  Dev.  Tech.,  ms,  pp.  26,  27. 


''  Robert  E.  Hardwicke,  "Legal  Aspects  ot  Gas  Conservation,"  Oil 
and  Gas  Journal,  June  25,  1931,  p.  17. 

'•'  Report  III  to  the  President  of  the  United  States,  1929,  pp.  40^9. 

™Cf.  the  statement  by  H.  S.  Gibson,  "Scientific  Unit  Control," 
Science  of  Petroleum,  I,  539. 
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CHAPTER  1.— INTRODUCTORY  EXPLANATION  OF  DATA 


Total  stream  energy  is  dependent  on  how  much 
water  flows  and  how  far  it  falls  in  its  course.  The 
amount  of  power  that  may  be  obtained  from  a  stream, 
however,  depends  both  on  engineering  and  on  eco- 
nomic and  social  policy. 

Appropriation  of  water  [lower  is  mainly  in  the  form 
of  generation  of  electricity.  From  a  slieerl}'  physical 
point  of  view,  the  amount  of  energy  obtainable  is  de- 
pendent on  the  proportion  of  the  stream  flow  that  can 
be  liarnessed  and  the  efficiency  of  hydroelectric  gen- 
erating plants.  The  maximum  proportion  of  stream 
energ}'  that,  in  physical  terms,  might  be  obtained  is 
dependent  on  the  degree  to  which  geologic,  topo- 
graphic, and  hydraulic  limitations  would  permit  the 
engineers,  with  full  use  of  their  tcclmiciues,  to  harness 
the  stream  in  accordance  with  the  recjuiremcnts  for  effi- 
cient operation  of  generators.  Obviously,  the  merely 
physical  interpretation  of  potential  water-power  is 
deiiendent  on  data  regarding  flow,  profile  of  stream 
bed,  geology,  topography,  and  engineering  tech- 
nique— all  of  which,  being  incomplete,  are  subject  to 
revision. 

But  the  uncertainties  regarding  the  amount  of  water 
power  available  are  vastly  extended  by  tiucstions  of  eco- 
nomic feasibility  and  public  policy. 

If  considered  for  power  alone  in  terms  of  ordinary 
business  criteria,  development  of  a  given  power  site  is 
feasible  only  if  there  is  an  existing  or  reasonably  pros- 
pective market  for  electrical  energy,  within  economic 
reach  of  electrical  transmission  from  that  site,  which 
cannot  be  supplied  more  cheaply  by  fuel-generated 
power.  Obviously,  feasibility  in  those  terms  may  arise 
or  disappear  Avith  changes  in  composition  of  the  market 
or  cliauffes  in  the  relation  between  delivered  cost  of 
hydroelectric  energy  and  delivered  cost  of  equivalent 
energj'  generated  from  fuel. 


Even  a  clear  judgment  on  business  feasibility,  how- 
ever, would  give  no  final  answer:  for  life  and  comfort 
depend  on  numerous  nonpower  uses  of  water  resources. 
Governments  must  ileal  with  water  problems  for  the 
adequate  solution  of  whicli  private  business  has  neither 
orgauizatiou,  autiiorit}-,  technique,  nor  motivation. 
Such  problems  include  public  water  supply,  floods,  irri- 
gation, erosion,  pollution,  malaria,  and  navigation. 
Most  of  these  public  problems  are  present  on  any 
stream  large  enough  to  offer  promise  of  significant 
water  power.  Undci'  some  circumstances  use  or  con- 
trol for  purposes  other  than  production  of  power  may 
limit  the  use  of  water  for  power,  although  the  possible 
conflict  of  pui-pose  appears  to  have  been  overmaguified. 
On  the  other  hand,  the  construction  of  dams  for  the 
attainment  of  control  over  stream  flow  may  greatly  in- 
crease (he  {lotential  fii-m  (continuous)  power  at  sites 
already  deemed  feasible  in  terms  of  power  alone,  and 
it  may  make  production  of  power  quite  possible  and 
economic  at  sites  not  feasible  in  terms  of  power  alone.' 

In  view  of  the  complexity  of  technical,  econoniic,  and 
social  considerations,  the  estimates  of  potential  water 
power  considered  here  should  be  taken  only  as  useful 
approxinuitions  made  in  the  light  of  present  knowledge 
of  essential  physical  facts,  judgments  of  existing  and 
futui-e  markets,  and  judgments  of  the  trend  of  public 
policy  regarding  regulation  of  streams. 

A  general  national  view  will  be  given  first.  Greater 
attention,  however,  will  be  given  to  the  regional  esti- 
mates, in  relation  to  regional  use  of  energy  and  regional 
availability  of  other  sources  of  energy.  To  aid  in  in- 
terpreting the  economic  position  of  water  power,  atten- 
tion will  then  be  given  to  (a)  .system  interconnection, 
and  (b)  the  competitive  relationship  of  Avater  power 
and  fuels.  The  final  chapter  will  deal  with  water- 
power  policy.  Reference  data,  except  as  otherwise 
noted,  are  provided  in  tables  1  to  6. 


•Bureau  of  Business  Research,  University  of  Pittsburgh. 


>  Tills   questinii   of   power  ami   nnnpower  uses  is  examined  later,   in 
eh.  G,  under  ilie  lieading  "Tower  in  the  Multiple-Purpose  Project." 
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CHAPTER  2.— ESTIMATED  NATIONAL  WATER  POWER 


Potential  water  power  was  estimated  in  1936  at  42,- 
753,000  horsepower  available  90  percent  of  the  time  or 
57,184,000  horsepower  available  50  percent  of  the  time. 
Tliese  estimates,  prepared  by  the  Geological  Survey, 
were  computed  with  allowance  for  the  control  of  stream 
flow  made  possible  by  storage  reservoirs  then  existing 
and  with  corresponding  allowance  for  probable  future 
storage,  insofar  as  storage  possibility  had  been  evalu- 
ated ;  an  overall  efficiency  of  70  percent  at  the  sites  was 
assumed.-  The  extent  to  which  this  power  has  been 
developed  and  the  output  of  energy  considered  feasible 
from  water  power  will  be  considered  presently. 

Influence  of  Storage 

In  the  allowance  for  future  storage,  consideration  has 
been  given  to  "known  reservoir  sites,"  except  many 
small  sites — possibly  of  value  to  local  communities  but 
not  large  in  terms  of  total  potential  power.  It  is  noted, 
also,  that,  in  general,  the  best  estimates  are  those  of  the 
states  with  larger  power  resources,  in  which  the  sur- 
veys are  more  complete,  and  that,  as  additional  river 
surveys  are  made,  new  sites  are  located  which  add  some- 
what to  the  total.' 

Although  we  should  not  expect  to  use  all  potential 
water  power,  the  range  of  possibility  in  storage  is  wide. 
Estimates  made  in  1936,  based  on  gross  head  and  100 
percent  efficiency,  showed  25,045,000  kilowatts  available 
95  percent  of  the  time,  allowance  being  made  for  storage 
reservoirs  already  built,  and  82,180,000  kilowatts  based 
on  arithmetic  mean  flow.^  In  other  words,  for  the 
streams  included,  the  total  potential  power  was  esti- 
mated to  be  approximatelj'  3.3  times  the  potential  firm 
I^ower,  after  allowance  for  the  increase  already  brought 
about  in  potential  firm  power  by  storage  existing  in 
1936. 

The  total  of  25,045,000  kilowatts  available  95  per- 
cent of  the  time  at  100-percent  efficiency  is  equivalent 
to  23,501,000  horsepower  available  95  percent  of  the 
time  at  70  percent  efficiency.^  But  with  allowance  for 
probable  efl'ect  of  future  storage,  as  envisioned  in  1936, 
it  was  estimated  that  the  potential  power  amounted  to 
42,753,000  horsepower  available  90  percent  of  the  time. 
The  difference  of  19,252,000  horsepower  probably  is  ex- 
plained mainly  bj-  allowance  for  future  storage. 

In  view  of  the  great  variation  in  stream  flow,  the 
larger  possibilities  of  water-power  development  lie  in 
stream  regulation,  so  as  to  permit  adaptation  of  power 


l^roduction  to  variation  in  need  for  power.  Such  reg- 
ulation is  possible  only  through  use  of  storage  reser- 
voirs. Effective  control  through  storage  requires 
basin-unit  planning.  Basin -unit  development,  being 
generally  beyond  the  scope  of  private  enterprise,  is  de- 
pendent on  governmental  action.  And  the  effect  of 
public  policy  on  the  arithmetic  of  water  power  is  too 
significant  to  be  ignored.  For  example,  control  at 
Norris  Dam,  in  addition  to  providing  a  lai'ge  stand-by 
plant,  will  double  the  prime  power  of  eight  dams  be- 
low, in  the  Tennessee  River.  Professor  Magnusson 
estimated  that  the  high  dam  at  the  Grand  Coulee,  with 
upstream  storage,  would  make  available  at  Coulee  an 
amount  of  firm  power  6.8  times  that  available  from 
natural  stream  flow ;  at  dams  between  the  Grand  Coulee 
and  the  Snake  River,  an  amount  2.86  times  that  avail- 
able from  natural  stream  flow ;  and  at  dams  below  the 
Snake  River,  1.93  times  that  at  natural  stream  flow.° 

Efficiency 

To  some,  the  assumption  of  70  percent  efficiency  may 
appear  overcautious.  The  statement  has  been  made  by 
the  Geological  Survey  that  hydroelectric  units  recover 
"over  90  percent  of  the  energy  in  falling  water  that 
drives  the  water  wheels  of  a  power  plant."  ^  In  other 
words,  the  Geological  Survey,  in  using  the  factor  of 
70  percent,  assumed  that,  on  the  average,  20  percent 
of  gross  head  would  be  lost  for  reasons  other  than  the 
inefficiency  of  the  turbine-generator  unit  itself.  The 
Larue  report  in  1925  on  the  Colorado  River  likewise 
assumed  70  percent.'  Professor  Magnusson's  estimates 
on  Grand  Coulee,  however,  assumed  80  percent  effi- 
ciency.^ About  the  same  factor  is  reflected  in  T.  V.  A. 
estimates  of  1936.^°  The  effect  of  more  clearly  defined 
plans  of  coordinated  development  and  operation,  re- 
flected in  these  latter  estimates,  may  well  be  kept  in 
mind. 

National  Importance  of  Water  Power 

At  the  outset,  note  that  potential  water  power  is 
mainly  a  potential  source  of  electricity  and  is,  there- 
fore, broadly  competitive  with  fuels  in  the  production 
of  electrical  energy."    It  is  the  only  significant  native 


'  Horton,  A.  H.,  U.  S.  Geological  Survey,  VTater  Supply  Paper  5'9 
(192S),  p.  116. 

»U.  S.  Department  of  tlie  Interior,  Potential  Water  Potcer  in  the 
United  States  (mimeographed),  August  20,  1936. 

*  76  id. 

*  Conversion  factor:  1  hor'5epower=0.746  liilowatt. 


"Morgan,  Arthur  E.,  Journal  of  the  Western  Society  of  Engineers, 
vol.  41,  No.  3  (June  1936),  p.  116.  Miignusson,  Carl  Edw.ird,  Bydro- 
eleotric  Power  in  Washington,  University  of  Washington,  Engineering 
Experiment  Station  Series,  Bulletin  No.  78  (1935),  pp.  23-25. 

'  Horton,  op.  cit.,  p.  122. 

»U.  S.  Geological  Survey,  Water  Supply  Paper  55«  (1925),  p.  39. 

•  Op.  cit.,  p.  23,  and  table  VII,  facing  p.  18. 

"Tennessee  Valley  Authority,  The  Unified  Development  of  the  Ten- 
nessee River  System  (1936),  p.  59.  In  the  light  of  the  formula,  power 
in  kilowatts=(H)(Q)  (0.068),  the  estimates  reflect  a  little  over  SO 
percent  assumed  efliciency. 

"  Refer  to  ch.  5. 
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source  of  cnei-gy  in  some  regions  and  is  a  valuable  sup- 
plementary source  in  others.  In  terms  of  the  problem 
of  conservation,  water  power  is  not  reduced  by  use  and 
is,  therefore,  a  logical  substitute  for  fuels  in  the  gen- 
eration of  electricit}'.  The  amount  of  water  power 
available  in  any  year,  however,  has  strict  limits.  Be- 
cause of  its  very  uneven  regional  distribution,  its  sig- 
nificance— in  view  of  the  economic  limits  of  transmission 
of  electrical  energ}- — can  be  weiglied  more  accurately 
on  a  regional  basis.  But  a  brief  view  of  its  national 
importance  will  facilitate  the  regional  consideration. 

At  the  beginning  of  1938,  at  all  water-power  plants 
having  a  capacity  of  100  horsepower  or  more,  there 
were  installed  water  wheels  aggregating  17.284,379 
horsepower.'-  The  Geological  Survey  considered  at  the 
beginning  of  1936  that  around  one-fifth  of  our  feasible 
potential  water  power  had  been  developed."  The  ag- 
gregate capacity  of  prime  movers  was  estimated  in 
1935  at  about  1.2  billions  of  horsepower."  These  data 
indicate  that  water  wheels  for  all  water-power  sites 
might  have  an  aggi'egate  capacity  about  7  percent  as 
great  as  the  aggregate  capacity  of  prime  movers  in 
1935.  Such  percentage,  although  used  at  times,  leads 
to  an  understatement  of  the  importance  of  water  power. 

The  central  question  is  not  capacity  of  prime  movers; 
it  is,  on  the  contrarj',  the  relative  importance  of  water 
power  as  a  source  of  energy.  It  is  generally  recognized 
that  some  prime  movers  are  used  much  more  than 
others.  In  the  total  of  1.2  billion  cited,  9G5  million 
relate  to  motor  vehicles,  an  amount  21.6  times  the  rated 
capacity  of  central  electric  stations  at  that  time.  Yet 
it  is  estimated  that,  in  a  period  in  which  central  elec- 
tric stations  produced  92  billion  kilowatt-hours  of  elec- 
tricity, automobiles  produced  energy  equivalent  to  only 
87  billion  kilowatt-hours  of  electricity.'^ 

Of  the  capacity  of  prime  movers  in  the  electric  light 
and  power  industry,  the  annual  (year-end)  [jeixentage 
water-driven  in  the  period  1920-37  ranged  from  25.5 
to  28.4,  the  percentage  being  28.3  at  the  end  of  1937." 
Of  the  installed  water-wheel  capacity  at  the  end  of 
1937,  about  one-eighth  was  outside  the  utility  indus- 
try."   Total  capacity  of   installed   water  wheels   at 


"  Federal  Power  Commls.sion,  Total  Installed  Capacity  of  Water 
Wheels  In  Water-Poircr  Plants  In  the  United  States,  January  1,  1938. 

"  U.  S.  Department  of  the  Interior.  Geological  Survey,  Total  Capac- 
ity of  Water  Wheels  at  Water-Power  Plants  in  the  United  States,  Jan- 
uary 1,  1936. 

"  National  Resources  Committee,  Technological  Trends  and  National 
Policy   (1937),  p.  249. 

"Ibid.,  pp.  249,  252. 

10  Federal  Power  Commission.  Electric  Poiper  Statistics,  t!>37,  p.  15. 

"  Statement  based  on  special  compilation  furnished  by  the  Federal 
Power  Commission.  The  utility  classification  used  in  the  Commis- 
sion's published  report  on  installed  capacity  of  water  wheels,  Janu- 
ary 1.  193S.  is  not  the  same  as  that  used  for  inclusion  In  Electric 
Povrer  Statistics,  1937.  Of  the  total  of  17,284,379  horsepower  re- 
ported  for  water-power   plants   having  a  capacity   of   100  horsepower 


that  time,  therefore,  was  equal  to  somewhat  over  32 
percent  of  the  capacity  of  all  prime  movers  in  the 
electric  utility  group.  With  the  1936  estimate  that 
about  one-fifth  of  the  water  power  was  developed,  the 
conclusion  would  be  reached  that,  at  the  present  ratio 
of  installation  to  site  capacity,  total  capacity  of  water 
wheels  for  all  feasible  water  power  would  be  about  1.6 
times  the  capacitj'  of  all  prime  movers  in  the  electric 
utility  industry  at  the  end  of  1937. 

Tlie  Bureau  of  Mines  estimates  that  our  total  use  of 
energy  in  1937  was  equivalent  to  24,183  trillion  B.  t.  u. ; 
water  power,  included  in  terms  of  prevailing  use  of 
fuels  in  generating  power  at  central  electric  stations,  is 
estimated  to  have  supplied  849  trillion,  or  3.51  percent 
of  the  total.''  In  terms  of  the  estimate  of  1936  that 
water  power  was  approximately  one-fifth  developed,  we 
might  conclude  that  water  power  used  at  about  the  same 
efficiency  as  that  of  1937  would  in  total  produce  annual 
energy  equivalent  to  nearly  18  percent  of  the  total  en- 
ergy used  in  1937,  which  probably  was  greater  than  that 
of  previous  years  e.\cept  1!'2<'>  and  11I29."' 

Production  of  electricity  by  hydroelectric  generators 
in  electric  utility  plants  in  1937  amounted  to  43.7  billion 
kilowatt-hours.^"  Production  of  energy  from  water 
wheels  outside  the  utility  industry  is  not  reported,  but 
it  is  estimated  as  equivalent  to  4.9  billion  kilowatt- 
hours.-'  The  total  energy  output  of  water  wheels,  there- 
fore, is  estimated  to  have  been  equivalent  to  48.6  billion 
kilowatt-hours.  The  Federal  Power  Commission  esti- 
mates feasible  undeveloped  power  great  enough  to  pro- 
duce somewhat  over  273  billion  kilowatt-hours  a  year.-^ 
Presumably,  existing  water-power  plants  did  not  pro- 
duce power  as  fully  as  their  development  and  the  avail- 
able flow  would  permit.  Therefore,  the  estimated  total 
feasible  energy  output  from  water  would  exceed  322 
billion.  The  estimated  energy  output  of  existing  water- 
power  plants  was  48.6  billion,  or  15.1  percent  of  322  bil- 
lion. Thus,  water-power  plants,  estimated  to  have  pro- 
duced 3.51  percent  of  the  total  energy  produced,  are 
estimated  to  have  produced  something  less  than  15.1 
percent  of  the  feasible  total  output  from  water  power. 
From  these  items  follows  the  estimate  that  total  feasible 
output  from  water  power  would  at  least  exceed  23.3 


or  more,  the  special  compilation  showed  2,131,787  horsepower  not  In- 
cluded in  the  utility  group  covered  by  the  Commission  In  Electric 
Power  Statistics,  19S7. 

's  Minerals  Yearbook,  1938,  p.  703. 

"  Cf.  Minerals  Yearbook,  1937,  pp.  807-8. 

"Federal  Power  Commission,  Electric  Poicer  Statistics,  1937,  p.  3. 

"  Special  compilation  from  the  Federal  Power  Commission  shows 
water  wheels  aKgresatlng  2.131,787  horsepower  not  Included  In  the 
group  for  Tvhlch  the  Commissslon  published  electric  output  data  for 
1937.  Capacity-use  factor  of  35  percent  assumed.  See  table  6.  It  Is 
recognized  that  part  of  this  capacity  Is  mechanical  drive,  not  hydro- 
electric ;  but  the  more  Important  part  is  In  Industrial  hydroelectric 
plants. 

"  Power  Survey,  19S8.     Pt.  two,  sec.  II  of  this  volume. 
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percent  of  the  total  energy  produced  in  the  form  of 
fuels  and  water  power  in  tliis  country  in  1937. 

In  view  of  the  uncertainties  sketched  in  the  introduc- 
tory pages,  the  estimates  of  feasible  water  power  can  be 
considered  only  useful  appi'oximations.  Moreover,  the 
Bureau  of  Mines'  estimates  of  energy  output  from  fuels 
and  of  the  fuel  equivalent  from  water  power  must  be 
taken  merely  as  the  best  comprehensive  working  ap- 
proximations. In  other  words,  exact  evaluation  of  the 
importance  of  water  power  is  impossible.  But  it  looks 
as  if  feasible  annual  output  from  water  power  might  be 
considered  equal  to  more  than  one-fifth,  possibly  equal 
to  one-fourth,  of  our  largest  past  annual  output  of 
energy.  Central  stations  are  estimated  to  have  used 
the  equivalent  of  1.42  pounds  of  coal  per  kilowatt-hour 
of  electricity  produced  in  1937.^'  The  estimated  aggre- 
gate feasible  potential  output  from  water  power,  some- 
what over  322  billion  kilowatt-hours,  would  equal  the 
energy  obtainable,  at  present  average  central  electric 
station  performance,  from  about  225  or  230  million  net 
tons  of  coal  annually.  Since  the  average  steam  plant 
displaced  (or  forestalled)  by  hydro  is  likely  to  be  less 
efficient  than  the  average  central  station,  the  equivalent 
coal  tonnage  may  be  larger. 

If  our  use  of  energy  continues  to  expand  gi'eatly, 
water  power,  being  limited,  could  supply  only  an 
eventually  declining  portion  of  the  energy.  On  the 
other  hand,  the  expectation  that  our  population  might 
become  stationary,  or  actually  decline,-^  within  a  few 
decades,  suggests  that  water  power  might  come  to  hold 
its  own  or  even  to  attain  increased  relative  significance. 
This  likelihood  seems  to  hold  especially  for  regions 
lacking,  or  facing  an  early  lack  of,  mineral  fuels. 

T.\BLE  1. — Potential  tcater  power  in  the  United  States  ' 
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Table  1. — Potential  water  power  in  the  United  States' — Contd. 


Available  90  percent 
of  the  time 

Available  50  percent 
of  the  time 

State  and  division 

Horse- 
power 
(thou- 
sands) 

Percent  of 

United 
States  total 

Horiie- 
power 
(thou- 
sands) 

Percent  of 

United 
States  total 

United  States- 

42, 753 

100.00 

57, 184             100. 00 

New  England-—            --       .      - 

988 
4,896 

869 
1,172 
2,936 
2,620 

764 

2.31 
11.45 
2.03 
2.74 
6.  87 
6.13 
1.79 

1,641 

6,242 
1,640 
1,884 
4,058 
3,761 
967 

2.87 

10.92 

East  North  Central- 

2.87 

West  North  Central 

3.29 

South  Atlantic  . 

7.10 

East  South  Central __ 

6.68 

West  South  Central 

1.69 

.\vailable  90  percent 
of  the  time 

Available  50  percent 
of  the  time 

State  and  division 

Horse- 
power 
(thou- 
sands) 

Percent  of 

United 
States  total 

Horse- 
power 
(thou- 
sands) 

Percent  of 

United 
States  total 

Mountain . 

10,775 
17,734 

524 
167 
115 
125 
5 
52 

4,296 
32 
667 

31 
60 
214 
270 
294 

210 
96 

420 
61 

211 

101 
73 

1.5 

200 
463 
563 
682 
477 
622 
27 

336 
1,280 

880 
124 

388 
70 
126 
180 

1,306 

2,706 

571 

647 

66 

3,710 

1,500 

279 

8.768 
4,361 
4,605 

25.20 
41.48 

1.23 
.39 
.27 
.29 
.01 
.12 

10.05 
.08 
1.33 

.07 
.14 
.50 
.63 

.69 

.49 
.23 
.98 
.14 

.49 
.24 
.17 

m 

.47 
1.08 
1.32 
1.36 
1.12 
1.45 

.06 

.79 
2.99 
2.06 

.29 

.91 
.16 
.30 
.42 

3.05 
6.33 
1.34 
1.51 

.13 
8.68 
3.51 

.65 

20.51 
10.20 
10.77 

13,031 
23,960 

806 
293 
193 
211 
13 
125 

5,184 

60 

998 

77 
159 
497 
400 
607 

388 
232 
676 
69 
278 
138 
103 

5 

286 
649 
785 
818 
752 
729 
34 

543 
1,800 
1,280 

138 

618 
74 
175 
200 

1,853 

3,688 

838 

851 

124 

3,810 

1,590 

277 

12,021 
6,956 
5.983 

22.79 

Pacific. 

41.90 

New  England: 

Maine 

1.41 

.51 

Vermont , 

.34 

Massachusetts 

.37 

Rhode  Island. 

.02 

Connecticut-- 

.23 

Middle  Atlantic: 

New  Yor]£ 

9.07 

.11 

Pennsylvania    - 

1.75 

East  North  Central: 
Ohio- 

.14 

Indiana 

.23 

Illinois  - 

.87 

Michigan 

.70 

.89 

West  North  Central: 

Minnesota 

.68 

Iowa  - 

.41 

Missouri 

I.IS 

North  Daliota ._ 

.12 

South  DalkOta 

.49 

Nebraska - 

.24 

Kansas  __ 

.18 

South  Atlantic: 

.01 

Maryland  and  District  of  Colum- 
bia..  

.50 

Virginia 

1.13 

1.37 

1.43 

South  Carolina 

1.32 

1.27 

Florida 

.06 

East  South  Central: 

Kentucisy            _               .  -  -- 

.95 

3.15 

Alabama 

2.24 

Mississippi 

.24 

West  South  Central: 

Arliansas  _      -    

.91 

.13 

Oklahoma                   .         

.31 

.35 

Mountain: 

3.24 

Idaho 

6.45 

1.47 

Colorado 

1.49 

New  Mexico      .  

.22 

6.66 

Utah                     

2.78 

.49 

Pacific: 

21.02 

Oregon                -        -  

10.42 

10.46 

^  Miimrals  YearVooli,  IDSS,  p.  701. 
**  National    Resources    Committee, 
Population  (1938),  pp.  6-8,  22-27. 


The    Problems    of    a    Changing 


>  U.  S.  Department  of  the  Interior,  Potential  Water  Power  in  the  United  Slates 
(mimeographed),  Aug,  20,  1936.  Computed  from  gross  head,  on  the  assumption  of 
70  percent  eflSciency,  with  allowance  for  future  storage  at  known  reservoir  sites. 

•  Less  than  .005  percent. 
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Table  2. — Capacity  of  installed  water  wheels  in  platUs  having  100  horsepower  or  more  in  the  United  States,  1931  and  19SJ,-S8  ' 

IThousands  of  horsepower] 


State  and  diTlsIoo 

1921 

1924 

1925 

1926 

1927 

1928 

1929 

1930 

1931 

1932 

1933 

1934 

1935 

1936 

1937 

1938 

CoDtineolal  United  States 

7,927 

9,087 

10,048 

11,177 

11,721 

12.298 

13,572 

13.808 

14,885 

15,563 

15.818 

15,  913 

16,075 

16,079 

17.120 

17.284 

New  England  .       .  ......... ..... 

1,311 

1,387 

1,399 

1,485 

1.535 

1.556 

l,6M 

1.643 

1.898 

1,939 

1.947 

2,001 

2,006 

1.994 

2.005 

2.004 

Maine          

450 
229 
130 
338 
30 
134 

473 
236 
168 
344 
30 
136 

477 
243 
168 
344 
30 
136 

497 
272 
193 
344 
30 
148 

526 
277 
200 
354 
30 
148 

537 
278 
200 
362 
30 
148 

639 
278 
260 
362 
30 
184 

641 
278 
260 
362 
30 
172 

579 
553 
202 
362 
30 
171 

613 
559 
202 
362 
30 
172 

613 
559 
202 
368 
30 
174 

613 
572 
192 
423 
29 
175 

616 
575 
192 
422 
29 
173 

603 
575 
192 
423 
29 
172 

600 
673 
194 
423 
29 
186 

593 

477 

374 

Massachusetts 

441 
38 

191 

Middle  Atlantic 

1,479 

1,732 

1,958 

1.995 

2,056 

2,078 

2,123 

2.113 

2.212 

2,302 

2,396 

2,421 

2,485 

2.468 

2.452 

2.437 

New  York                    ..  .....    . 

1,292 

17 

170 

1,543 
19 
170 

1,714 

19 

228 

1,750 

19 

228 

1,757 

19 

280 

1,779 

19 

280 

1,814 

19 

291 

1.805 

18 

291 

1,904 

18 

291 

1.892 

17 

392 

1,900 

17 

478 

1,885 

17 

520 

1,885 

17 

663 

1,879 

17 

562 

1.872 

17 

563 

1.858 
17 

New  Jersey..—, . . . 

563 

739 

830 

885 

979 

1,010 

1,037 

1,076 

1.075 

1,092 

1,103 

1.139 

1,186 

1,189 

1.176 

1.183 

1.244 

Ohio 

29 

27 

8S 

267 

331 

30 

29 

85 

282 

404 

30 

51 

87 

305 

413 

29 

66 

94 

352 

446 

30 

56 

94 

355 

474 

30 

57 

94 

378 

477 

30 
57 

94 
378 
517 

30 

55 

95 

379 

517 

25 

54 

96 

399 

519 

21 

54 

94 

414 

620 

22 
55 
94 
444 
'    524 

23 

55 

88 

464 

555 

23 
55 
88 
477 
546 

2t 

55 

93 

483 

521 

24 

55 

92 

500 

512 

23 

Indiana  .....      ................. 

53 

Illinois 

85 

580 

Wisconsin                        ....  ... 

503 

West  North  Central 

444 

460 

515 

525 

533 

542 

555 

551 

567 

765 

767 

762 

750 

746 

844 

840 

Alinnesota   ............    ....... 

205 
173 

18 

212 
177 
18 

263 
177 
20 

267 
179 
21 

275 
180 
21 

276 
184 
21 

293 
183 
21 

287 
181 
23 

286 
182 
37 

287 
182 
235 

287 
184 
235 

287 
183 
235 

272 
183 
235 

272 
183 
235 
0 
20 
24 
13 

269 

183 

235 

0 

20 
124 

13 

268 

Iowa 

178 

236 

North  Dakota' 

South  Dakota 

18 
15 
15 

18 
20 

15 

19 
21 

14 

20 
21 
17 

20 
21 

17 

20 
24 
17 

20 
24 
16 

19 
24 
16 

20 
25 
16 

20 
24 
18 

20 
24 

16 

20 
24 
13 

20 
24 
16 

20 

124 

Kansas                .... 

14 

South  Mlantic                              .  . 

1,082 

1,301 

1,594 

1,702 

1,841 

1.967 

Z595 

2.657 

2,918 

2.968 

2,979 

3,036 

3,173 

3.218 

3.201 

3.224 

Delaware     .       .  - 

3 

7 

1 

104 

15 

330 

330 

286 

7 

3 

7 

1 

110 

15 

432 

358 

369 

7 

3 

7 

1 

118 

15 

535 

507 

400 

9 

1 

38 

1 

139 

21 

538 

514 

441 

9 

1 

38 

1 

138 

91 

543 

571 

449 

g 

1 

38 

6 

141 

91 

644 

574 

463 

8 

1 
416 

6 
140 
91 
814 
674 
544 

9 

1 

416 

6 

126 

89 

947 

574 

473 

25 

1 

416 

6 

135 

87 
954 
816 
482 

22 

1 
416 
6 
153 
87 
961 
810 
Sl2 
21 

1 
416 
6 
155 
87 
971 
810 
512 
21 

1 

409 

6 

152 

87 

971 

811 

578 

20 

1 
404 
6 
154 
227 
980 
811 
589 
20 

1 
405 

6 

)■!■ 

9t!0 

811 

569 

20 

2 
405 

fl 

967 
813 
572 
20 

1 

Maryland . 

404 

District  of  Columbia 

6 

Virpinia           .  .....        ...    .... 

IM 

West  Virginia 

372 

North  Carolina  . 

647 

South  Carolina      .           .... 

837 

Georgia 

584 

Florida 

22 

East  South  Central 

241 

341 

392 

745 

868 

966 

1,119 

1.169 

1.364 

1.364 

1,364 

1,298 

1,303 

1.303 

1.526 

1,503 

1 
127 
113 

0 

1 

128 

211 

0 

1 
166 
224 

0 

34 

174 

537 

0 

34 

174 

659 

0 

142 

177 

646 

0 

142 

177 

799 

0 

145 

179 

845 

0 

145 

288 

931 

0 

145 

288 

931 

0 

145 

288 

931 

0 

145 

288 

885 

0 

145 

291 

887 

0 

145 

291 

867 

0 

145 

423 

953 

0 

141 

Tennessee  .. .  .,  .       .... 

423 

999 

Mississippi           ..  __ 

0 

16 

17 

31 

32 

32 

44 

47 

49 

49 

134 

150 

160 

160 

14S 

149 

150 

Arkansas  ... ..... 

1 
0 
2 
13 

1 

0 

2 

14 

16 
0 
2 

14 

16 
0 
2 

14 

16 
0 
2 

15 

16 
0 
2 

27 

16 
0 
2 

29 

16 
0 
3 

31 

16 
0 
3 

31 

95 
0 
3 

37 

95 
0 
2 

53 

95 
0 
2 

53 

95 
0 
2 

S3 

95 
0 
3 

48 

95 
0 
2 

52 

95 

0 

2 

Te^as -_ 

63 

Mountain 

827 

881 

937 

981 

1.030 

1.118 

1,140 

1.185 

1.217 

1.216 

1,212 

1,209 

i,ieo 

1.199 

1.728 

1,758 

Montana 

344 
224 
8 
92 
1 
39 
106 
13 

346 
271 

8 
88 

1 
39 
115 
14 

360 
299 
8 
91 
1 
49 
115 
14 

376 

319 

10 

95 

2 

49 

lis 

14 

376 
320 

10 

96 
2 

59 
153 

13 

378 

355 

17 

95 

2 

104 

153 

13 

393 
358 
17 
98 
2 
104 
154 
14 

419 
358 
19 
98 
2 
120 
156 
14 

429 
357 
25 
98 
2 
137 
157 
14 

428 
355 
25 
98 
1 
137 
158 
14 

429 
348 

23 

102 

2 

137 

158 

14 

428 
348 

23 

101 

2 

137 

156 

14 

428 
342 

23 
102 
2 
137 
144 

13 

429 
355 
23 
99 
2 
133 
144 
13 

429 
357 
24 
103 
3 
193 
142 
478 

431 

Idaho 

364 

Wyoming .        _           .... 

24 

Colorado 

105 

New  Alexico  ..    ... 

2 

Arizona 

196 

rtah 

156 

Nevada. 

481 

Pacific 

1,789 

2,139 

2,336 

2.733 

2.815 

2.988 

3,263 

3,365 

3.568 

3,772 

3,865 

3,848 

3,851 

3.842  1 

4.033 

4,065 

Washington.. 

454 

185 

1,149 

480 

207 

1,452 

561 

244 

1,531 

656 

242 

1,835 

657 

242 

1,917 

707 

289 

1,993 

747 

289 

2,227 

766 

£99 

2,301 

892 

354 

2,321 

l.OU 

354 

2.407 

1,053 

364 

2,448 

1,037 

364 

2,447 

1,037 

383 

2,450 

1.037 

360 

2,444 

1.227 

361 

2.445 

1  254 

Oregon . . 

367 

California 

2,443 

'  Source:  U.  S.  Department  of  the  Interior,  Geological  Survey,  except  for  1938,  for  which  data  are  from  the  Federal  Power  Commission, 
year  after  1925.    National  and  regional  totals  taken  before  rounding;  hence,  an  occasional  slight  discrepancy. 
"  Less  than  600  horsepower;  none  in  193J  and  1938. 


D  ata  are  as  of  the  beginning  of  the 


242 


National  Resources  Committee 


Table  3. — Production  of  electric  energy  in  the   United  States 

in  1937 ' 

[Thousands  of  kilowatt-hours] 


Tabe   3. — Production  of  electric  energy  in  the   United   States 
in  i937— Continued 


state  and  division 

Total 

Hydro 

Fuel 

United  States 

121  049. 630 

43, 702, 000 

77,  347,  630 

7,841,748 

3,234,233 

4, 607, 615 

857,376 
762,211 
642,396 

3, 169,  578 
648,910 

1,  761,  277 

808,812 
705.  642 
641,281 
591, 250 
11,403 
375.845 

48,564 

New  Hampshire   - . 

56, 569 

1.115 

Massachusetts  -     .  

2,  478, 328 

637,  507 

1,385,432 

Middle  Atlantic 

30.837,046 

8. 190,  478 

22,  646, 668 

16,561,945 
3, 810, 076 
10,  465.  025 

6, 147, 273 

29,447 

2,013,768 

10,414,672 

New  Jersey 

3, 780, 629 

8,  451,  267 

East  North  Central 

28,  404.  496 
8,173,693 
3,812,777 
8,048,810 
5,694,618 
2,674,598 

2,312,304 
37,301 
148, 893 
249,  562 
987, 575 
888.973 

26,  092, 192 

Ohio    

8, 136, 392 

3,  663, 884 

Illinois 

7, 799.  248 

4, 707, 043 

Wisconsin 

1,785,626 

West  North  Central 

7,  771,  445 

1,955,008 

6,816,437 

1,661,790 

1,908,717 

1,872,464 

200,  431 

144,288 

710,929 

1. 272, 826 

583, 176 

724,399 

679,  912 

0 

9,387 

36.  458 

21,676 

1, 078,  614 

Iowa  -  .  -  .  . 

1, 184.318 

1,292,552 

North  Dakota 

200,431 

134,901 

Nebraska    .      _      _ 

674, 471 

1,  251, 150 

14, 132,  766 

7, 158, 182 

6, 974, 584 

Delaware 

10.841 

2,276.012 

693,865 

1,  745, 179 
2,906,328 

2.  085.  574 
1,746.856 
1,742,160 

925,951 

0 

1,625,604 

12,003 

433,  514 

364,  646 

1,671,520 

1,614,697 

1, 387,  785 

48.  613 

10,841 

650. 408 

District  ol  Columbia - 

681,862 

1.311,665 

West  Virginia 

2.541,782 

414, 064 

South  Carolina      --      -    . 

132,  259 

354,  375 

Florida 

877,  338 

East  South  Central      

5, 137,  399 

3,538,679 

1, 598,  720 

Kentucky            _  - 

888.  439 

1.404,371 

2,768,069 

76,  620 

308. 195 

823,  298 

2,407,186 

0 

580,  244 

Tennessee  

581.073 

Alabama           . 

360, 883 

76, 520 

West  South  Central     

6,387,784 

261,215 

6, 126, 669 

Arkansas _  . 

277,691 
1,668,391 
1,  098,  459 
3,  343,  243 

151,  401 

0 

1.671 

108, 143 

126, 290 

1, 668, 391 

Oklahoma -  , 

1, 096, 788 

Texas... 

3.  235, 100 

5,777,876 

4,388,338 

1, 389, 538 

Montana 

1,319,637 
972,  212 
131, 139 
721,482 
255,378 
717, 825 
507.415 

1, 152,  788 

1,297,345 

971,  232 

41,782 

219,  732 

1,695 

421.013 

293.  696 

1,141,843 

22,292 

Idaho.. _ 

980 

89,  367 

Colorado 

501,750 

New  Mexico 

253, 683 

Arizona 

296, 812 

Utah 

213.719 

Nevada 

10,945 

State  and  division 

Total 

Hydro 

Fuel 

Pacific 

14,759,070 

12,663,563 

2, 095,  507 

3,734,715 
1, 392, 177 
9,  632, 178 

3,  290, 544 
1,007,815 
8,  365,  204 

444, 171 

Oregon  , 

384, 362 

California... 

1,266,974 

Table  4.- 


-Electrio  generator  capacity  of  utility  poioer  and  light 
plants  at  the  end  of  19S7 ' 
[Kilowatts] 


State  and  division 

Tota 

Fuel  plants 

Hydroelec- 
tric plants 

United  States 

37, 032, 112 

26,557,768 

10,  474, 344 

2,  920,  400 

2,070,643 

849,  757 

232,973 
299,  659 
187,  347 
1,322,055 
244, 671 
633, 695 

57, 040 

62,  402 

12,900 

1, 155,  050 

241,421 

541, 830 

175, 933 

New  Hampshire 

237,  257 

174,447 

Massachusetts    ....          .  .  .  .. 

167, 005 

3,250 

Connecticut 

91,  865 

Middle  Atlantic  .. 

9, 178,  278 

7,  670.  664 

1,607,614 

New  York 

9.  219,  446 
1.071,732 
2,  887, 100 

4,111,417 
1,  066,  832 
2, 492,  415 

1, 108, 029 

4,900 

394, 685 

East  North  Central 

8,  183, 159 

7.  638,  887 

644,  272 

Ohio - 

2,  194.  215 
1.039,366 
2,  337,  052 
1,  696, 197 
916,  329 

2,  181.  215 
1,004,866 
2,  286,  622 
1,391,105 
675,079 

13,000 

Indiana      .          .      -  

34,  500 

Illinois - 

50, 430 

Michigan            . 

305, 092 

241,260 

West  North  Central 

2,852,026 

2,363,337 

488, 689 

620.366 
619.  294 
745,  310 
72.  208 
72,  944 
297,  770 
424,  134 

463,  866 
491,514 
694,765 
72,  208 
68,  844 
257,  489 
414,  652 

156,601 

Iowa                          ..... 

127, 780 

150, 545 

North  Dakota 

0 

South  Dakota 

4,100 

40,281 

Kansas..         .  

9,482 

South  Atlantic     .    ., 

4,479,768 

2,  517,  620 

1.  962. 148 

31,  675 
594,  906 
222,  400 
474.438 
674,847 
992,  875 
632,882 
475, 479 
377,  266 

34,675 
323,621 
220,  000 
377, 216 
583. 942 
341,  089 
132.  342 
141.962 
362.  873 

0 

Maryland 

271.385 

District  of  Columbia 

2.400 

97, 222 

West  \'irginia  

90,  905 

651,  786 

South  Carolina      .... 

500,  640 

333,617 

Florida.  .       ..    

14,393 

East  South  Central    

1,  849, 147 

755,  417 

1,093,730 

337,  250 

530, 356 

917, 307 

64,  234 

232, 100 

211.506 

247,  577 

64,  234 

105, 150 

Tennessee                                  

318,  850 

669,  730 

Mississippi                      .  -  

0 

■  Source:  Federal  Power  Commission,  Electric  Power  Statistics,  1937.  Production 
tor  strictly  private  use  not  included;  but  electric  railways,  electrified  sections  of  steam 
railways,  and  miscellaneous  Federal  and  other  plants  serving  Government  or  public 
are  included. 


•  Source:  Federal  Power  Commission,  Electric  Power  Statistics,  1937.  Includes 
not  only  public  utility  light  and  power  plants,  privately  owned  and  publicly  owned, 
but  also  electric  railway,  electrified  sections  of  steam  railroads,  miscellaneous  Federal, 
State,  and  municipal  plants  not  strictly  in  utility  field,  and  that  portion  of  private 
manufacturing  plant  capacity  devoted  to  public  use.  Generator  capacity  tor  strictly 
private  use  not  included. 
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Table  4. — Electric  generator  capacity  of  utility  power  and  light 
plants  at  the  end  of  1937 — Continued 


T-MU-E  4. — Electric  generator  capacity  of  utility  power  and  light 
plants  at  the  end  of  1937 — Continued 


state  and  division 

Total 

Fuel  plants 

Hydroelec- 
tric plants 

West  South  Central 

1,765,679 

1,664,  MO 

101, 539 

Arkansas ...  .  „ 

155, 811 
314, 447 
331,334 
963,987 

89, 106 
314.447 
329,  715 
930.  772 

66,705 

0 

Olflahoma  .      .    ............ ... 

1,619 

33,  215 

Mountain ... . 

1,661,733 

501,726 

1, 160,  007 

Montana....  .  .  ...  ... . 

276, 146 
258,432 
62,029 

10,646 
2,882 
36,199 

265,500 

Idaho 

255.550 

Wyoming- 

15,830 

State  and  division 

Total 

Fuel  plants 

Hydroelec- 
tric plants 

Colorado 

253,090 
96, 115 
225, 537 
156,  740 
343,644 

188, 731 

95. 201 

98,487 

66,061 

4,619 

64, 359 
914 

New  Mexico 

Arizona..............  ....  . 

127,060 
91  679 

Utah 

339, 125 

Pacific 

..     4,142,022 

1,475,434 

2,666,688 

Washington 

1,009,085 

360,  269 

2,  772,  678 

215, 127 

182,018 

1,078,289 

793,958 

178,241 

1,694,369 

California 

Table  5. — Percentage  distribution  of  potential  water  power  and  of  other  items,  United  States,  by  region  and  Slate  ' 

Potential 

water 

power 

available 

90  percent 

of  the  time  > 

Popula- 
tion 
1930' 

Land 
area' 

Horse- 
power in 
manufac- 
turing 
and 
mining 
1929' 

Installed 
water 
wheels 
end  of 
1937  < 

Electric  generator  capacity  of 
public  utilities,  end  of  1937  ' 

Power  output  of  utility 
plants,  1937 » 

Estimated 
power  out- 
put, all 

water 
wheels  In 

1937  • 

Coal 

State  and  division 

Total 

Fuel 

Hydro 

Total 

Fuel 

Hydro 

B.  t.  u. 
basis' 

United  States,  total 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

2.31 

6.7 

2.08 

9.61 

11.69 

7.89 

7.80 

8.11 

6.48 

5.96 

7.40 

10.04 

Alalne  .. .  . 

1.23 
.39 
.27 
.29 
.01 
.12 

.6 
.4 
.3 

3.6 
.6 

1.3 

1.01 
.30 
.31 
.27 
.04 
.16 

1.37 
.81 
.40 

4.17 
.93 

1.83 

3.43 
2.76 
1.58 
2.55 
.16 
1.10 

.63 
.81 
.51 

3.57 
.66 

1.71 

.21 
.23 
.05 

4.35 
.91 

2.04 

1.68 
2.27 
1.67 
1.59 
.03 
.88 

.71 
.63 
.53 

2.62 
.54 

1.46 

.06 
.07 
(») 

3.20 
.82 

1.79 

1.85 
1.61 
1.47 
1.58 
.03 
.86 

3.25 
1.98 
1.43 
2.29 
.13 
.96 

Vermont. 

Alassachusetts ..  . ... 

Middle  .\tlantlc 

11.45 

21.4 

3.36 

27.81 

14.10 

24.78 

2&88 

14.39 

25.47 

29.28 

18.74 

18.26 

4.77 

New  York 

10.05 
.08 
1.33 

10.3 
3.3 
7.8 

1.60 
.25 
1.51 

8.19 
3.40 
16.22 

10.75 

.10 

3.26 

14.09 
2.89 
7.80 

15.48 
4.02 
9.38 

10.58 
.05 
3.77 

13.68 
3.15 
8.65 

13.46 
4.89 
10.93 

14.06 

.07 

4.61 

13.99 

.08 

4.18 

Pennsylvania 

4.77 

East  North  Central 

2.03 
.07 
.14 
.50 
.63 
.69 

20.6 
6.4 
2.6 
6.2 
3.9 
2.4 

8.26 
1.37 
1.21 
1.88 
1.93 
1.86 

27.60 
9.06 
4.06 
6.43 
5.46 
2.59 

7.20 

.14 

.31 

.49 

3.36 

2.91 

22.10 
5.93 
2.81 
».31 
4.58 
2.47 

28.39 
8.21 
3.78 
8.61 
6.24 
2.54 

6.15 
.12 
.33 
.48 
2.91 
2.30 

23.47 
6.75 
3.15 
6.6d 
4.70 
2.21 

33.73 
10.52 
4.74 
10.08 
6.09 
2.31 

6.29 
.09 
.34 
.67 
2.26 
2.03 

.'i.91 
.10 
.33 
.68 
2.60 
2.40 

14.03 

Ohio 

3.76 

2.12 

Illinois 

8.08 

Michigan  . .... 

.08 

West  North  Central 

2.74 

10.8 

17.18 

5.48 

4.86 

7.70 

8.90 

4.67 

6.42 

7.62 

4.47 

4.36 

17.80 

Aflnnesota.  -.—  - 

.49 
.23 
.98 
.14 
.49 
.24 
.17 

2.1 
2.0 
3.0 
.6 
.6 
1.1 
1.6 

2.72 
1.87 
2.31 
2  36 
2.58 
2.58 
2.75 

1.62 

.84 
1.75 

.17 

.36 
.74 

1.55 
1.03 
1.37 

1.68 
1.67 
2.01 
.19 
.20 
.80 
1.15 

1.75 
1.85 
2.24 
.27 
.26 
.97 
1.56 

1.49 
1.22 
1.44 

1.37 
1.58 
1.66 
.17 
.12 
.59 
1.06 

1.39 
1.53 
1.67 
.26 

.17 
.87 
1.62 

1.33 
1.66 
1.33 

1.45 
1.50 
1.19 

Iowa    . ... . 

1.17 

3.42 

North  Dakota  — 

11.98 

South  Dakota 

.12 
.71 
.08 

.04 
.38 
.09 

.02 
.08 
.06 

.08 
.09 
.06 

.02 

Kansas       ... 

i.21 

South  Atlantic 

6.87 

12.9 

9.05 

10.55 

18.66 

12.10 

9.48 

18.73 

11.68 

9.02 

16.38 

17.34 

7.26 

(') 

.47 

1.08 
1.32 
1.36 
1.12 

.2 
1.3 

.4 
2.0 
1.4 
2.6 
14 

.07 
.33 
(•) 
1.35 
.81 
1.64 
1.03 
1.97 
1.84 

•.32 
1.38 
(•) 
1.60 
2.62 
1.71 
1.08 
1.34 
.60 

.01 
2.34 

.03 

.87 
1.58 
5.48 
4.84 
3.38 

.13 

.09 
1.61 

.60 
1.28 
1.82 
2.68 
1.71 
1.28 
1.02 

.13 
1.22 

.83 
1.42 
2.20 
1.28 

.50 

.53 
1.37 

.01 
1.88 

..17 
1.44 
2.40 
1.72 
1.44 
1.44 

.76 

.01 

.84 
.88 
1.70 
3.29 
.54 
.17 
.46 
1.13 

.01 
3.36 

.03 
1.02 
1.44 
4.92 
3.52 
2.95 

.10 

.31 

Maryland 

2.59 

.02 

.93 

.87 

6.22 

4.78 

3.18 

.14 

3.72 

.03 

.99 

.83 

3.82 

3.69 

3.18 

.11 

Di^trint  nf  Cohirnhja , 

.86 

West  Virginia    . 

6  03 

North  Carolina 

(') 

Georgia     . 

1.45             2.4 
.06             1.2 

.04 

Florida 

6.13 

8.1 

6.04 

5.34 

9.04 

4.99 

2.84 

10.44 

4.24 

2.07 

8,10 

7.84 

8.72 

Kentucky  . 

.79 
2.99 

2.1 
2  1 

1.35 
1.40 
1.72 
1.56 

1.33 
1.37 
2.09 
.54 

.82 
2.44 

5.78 

.91 
1.43 
2.48 

.17 

= 

.87 
.80 
.93 
.24 

1.00 
3.04 
6.39 

.73 
1.16 
2.29 

.06 

.75 
.75 
.47 
.10 

.71 
1.88 
6.61 

.64 
2.19 
5.01 

4.97 

Tennessee 

1.03 

Alabama 

Mississippi 

2.06             2.2 
.29             1-8 

2.72 

^_,_ , 

Footnotes  at  end  of  table  on  following  page. 
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Table  5. — Percentage  distribuiion  of  potential  water  power  and  of  other  items,  United  States,  by  region  and  State — Continued 


Potential 
water 
power 
available 
90  percent 
of  the  time 

Popula- 
tion 
1930 

Land 
area 

Horse- 
power in 
manufac- 
turing 

and 

mining 

1929 

Installed 

water 

wheels 

end  of 

1937 

Electric  generator  capacity  of 
public  utilities,  end  of  1937 

Power  output  of  utility 
plants.  1937 

Estimated 
power  out- 
put, all 
water 
wheels  in 
1937 

Coal 
reser\'es. 

State  and  division 

Total 

Puel 

Hydro 

Total 

Fuel 

Hydro 

B.  t.  u. 
basis 

1.79 

9.9 

14.^5 

3.92 

.87 

4.77 

6.27 

.97 

5.28 

7.92 

.60 

,54 

3.08 

Arkansas             . 

.91 
.16 
.30 
.42 

1.5 
1.7 
2.0 
4.7 

1.77 
1.53 
2.33 
8.82 

.52 

.95 
.65 
1.80 

.55 

.42 

.85 

.89 

2.60 

.34 
1.18 
1.24 
3.50 

.64 

.23 

1.38 
.91 
2.76 

.16 
2.16 
1.42 
4.18 

.35 

,31 

.06 

Oklahoma                   .,  , 

.01 
,31 

,02 
,32 

.25 

(■) 
,23 

2.24 

.78 

25.20 

3.0 

28.89 

3.82 

10.17 

4.49 

1.89 

11.07 

4.77 

1.80 

10.04 

9.10 

>»42.39 

^lontana    -  .  

3.05 
6.33 
1.34 
1.51 

.13 
8.68 
3.51 

.65 

.4 
.4 
.2 
.8 
.3 
.4 
.4 
.1 

4.91 
2.80 
3.28 
3.49 
4.12 
3.83 
2.76 
3.69 

.80 
,34 
,19 
,70 
,23 
.76 
.60 
.20 

2.49 

2.10 
,14 
,61 
.01 

1,13 
,90 

2.78 

,75 
,70 
.14 
.68 
.26 
.61 
.42 
.93 

.04 
.01 
,14 
,71 
,36 
,37 
.24 
.02 

2.53 

2.44 
.15 
.61 
,01 

1.21 
.88 

3.24 

1.09 
.80 
.11 
.60 
.21 
.59 
.42 
,95 

.03 
(«) 
.12 
.65 
.33 
.38 
.28 
.01 

2.97 
2.22 
.10 
.50 
(') 
.97 
.67 
2  61 

2.67 

2.02 

.09 

.48 

(') 

.87 

.62 

2  35 

8.19 

".02 

Wyoming  . 

17.95 

11.63 

.82 

Arizona.- 

i«.04 

Utah 

3.74 

41.48 

6.7 

10.70 

5.98 

23.52 

11.18 

5.56           25.46 

12.19 

2.71 

28.98 

26.62 

"1.96 

20.51 
10.20 
10.77 

1.3 

.8 

4.6 

2.25 
3.22 
5.23 

1.71 

.85 
3.42 

7.26 
2.12 

14.14 

2.72 

.97 
7.49 

.81 

.69 
4.06 

7.58 
1.70 
16.18 

3.09 
1.15 
7.96 

.57 
.50 
1.64 

7.53 
2.31 
19.14 

6.99 
2.36 
17.27 

1.94 

Oregon                     - 

'  Alaska  and  insular  possessions  not  included.  Occasional  slight  discrepancy  due 
to  rounding. 

'  Repeated  for  comparative  purposes,  from  table  1. 

'  Population  percentages  as  computed  by  the  Bureau  of  the  Census.  Slalistical 
Abstract  of  the  Untied  States,  t9S6,  p.  5.  Percentages  of  land  areas  and  of  horsepower 
in  manufacturing  and  mining  computed  from  census  data. 

'  Based  on  data  given  for  beginning  of  1938,  table  2. 

s  Based  on  data  given  in  tables  3  and  4. 

•  .\mounts  in  table  6. 

Table  6. — Estimates  of  total  energy  output  at  existing  icater 
power  plants,  of  feasible  additional  output,  and  of  total 
feasible  output 

[Millions  of  kilowatt-hours] 


'  Based  on  B.  t.  u.  equivalent  of  coal  reserves,  as  estimated  by  the  Geological 
Survey,  except  allocation  explained  in  footnote  10. 

'  Less  than  0.005  percent. 

'  In  reported  data,  the  District  of  Columbia  is  included  with  Delaware, 

"  In  B.  t.  u.  estimates  furnished  (see  footnote  7),  Idaho  and  Arizona  are  combined 
with  Oregon  and  California,  the  4  States  combined  having  only  0.08  percent  of  the 
coal  reserves,  B.  t.  u.  basis.  This  fraction  was  allocated  here  on  the  basis  of  reserves 
in  those  States  as  reported  by  the  Geological  Survey  for  the  end  of  1928. 


Table  6. — Estimates  of  total  energy  output  at  existing  iiater 
po^wer  plants,  of  feasible  additional  output,  and  of  total 
feasible  output — Continued 


state  and  division 

Estimated 
total  output, 
water-power 
plants  exist- 
ing, end  of 
1937  > 

Estimated 
feasible  addi- 
tional annual 
output  > 

Estimated 

minimum  * 

feasible  total 

annual 

output 

United  States 

48,580 

273,377 

321,957 

4,876 

4,509 

9,385 

1,581 
961 
693 

1,110 

64 

467 

1,609 
940 

1,365 

137 

0 

458 

3,190 

1,901 

Vermont . 

2,058 

1,247 

Rhode  Island .  . 

64 

925 

Middle  Atlantic 

8,868 

14,239 

23, 107 

New  York   . 

6,798 

40 

2,030 

10,893 

362 

2,984 

17,  691 

402 

Pennsylvania 

5,014 

1  Tohydrooutput  shown  in  table  3,  estimates  have  been  added  for  output  of  water- 
wheels  not  covered  by  the  reports  of  the  Fedefal  Power  Commission  on  production  of 
electricalenergy.  Capacity  of  such  water  wheelsreported  by  the  Power  Commission. 
Electrical  output  (or  equivalent,  for  mechanical  drive)  estimated  on  the  tasis  of  an 
assumed  35  percent  capacity-use  factor. 

'  Estimates  by  Federal  Power  Commission.    Pt.  two,  sec.  II,  chap.  1,  of  this  report. 

1  Minimum,  because  it  is  recognized  that  existing  installations  were  not  operated 
at  either  plant  or  site  capacity. 


Regions  and  States 

Estimated 
total  output, 
water-power 
plants  exist- 
ing, end  of 
1937 

Estimated 
feasible  addi- 
tional annual 
output 

Estimated 

minimum 

feasible  total 

annual 

output 

East  North  Central 

2.870 

3,069 

5,939 

Ohio                    -                -            _ 

51 

160 

282 

1,212 

1,165 

84 
477 
517 
1,015 
976 

135 

637 

Illinois 

799 

2,227 

Wisconsin 

2,141 

West  North  Central 

2,119 

2,690 

4,809 

Minnesota - 

Iowa -- 

Missouri .-. 

North  Dakota 

706 
727 
580 
0 
39 
42 
25 

989 
616 
814 

0 

55 

316 

0 

1,695 

1,243 

1,394 

0 

South  Dakota                 ....-__ 

94 

358 

Kansas 

25 

South  Atlantic          -  -  _-    

8,422 

22,424 

30,646 

Delaware - -- 

Maryland 

2 

1,629 

16 

493 

699 

2.389 

0 

1.834 
270 
4,482 
7,122 
3.898 

2 
3,463 

286 

Virginia. _ - 

West  Virginia - - 

North  Carolina _ 

4,975 
7,821 
6,287 
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Table  6. — Estimates  of  totul  energy  output  at  cxixthig  water 
power  plants,  of  feasihlc  additional  output,  and  of  total 
feaxihle  output — Continued 


Table  6. — Estimates  of  total  energy  outyul  at  existing  water 
power  plants,  of  feasible  additional  output,  and  of  total 
feasible  output — Coutinued 


Regions  and  Stales 

Estimated 
total  output 
water-power 
plant.'!  exist- 
ing, end  of 
1937 

Estimated 
feasible  addi- 
tional annual 
output 

Estimated 

minimum 

feasible  total 

annual 

output 

South  Carolina 

Georgia 

Florida 

1,711 

1.434 

49 

2,201 

2,617 

0 

3,912 

4,051 

49 

Kast  South  Central                           .    _ 

3,806 

19,511 

23,317 

309 

1,063 

2,434 

0 

2,856 

11,714 

4,286 

655 

3,165 

Tennessee    .                           ..-  .- 

12,777 

Alabania...-. . - 

6,720 

655 

263 

5,927 

6,190 

151 
0 
2 

110 

2,2.55 
1,064 
1,559 
1,049 

2,406 

1,061 

Oklahoma         ............... 

1,561 

1,159 

Regions  and  States 

I<ital  output 
water-power 
plants  exist- 
ing, end  of 
1937 

Estimated 
feasible  addi- 
tional annual 
output 

Estimated 

minimum 

feasible  total 

annual 

output 

^fountain 

4,425 

58,844 

63,289 

Alontana ................. 

1,299  '              10.283 

11,582 

Idaho 

982 

43 

235 

2 

422 

299 

1,143 

19,909 
2,964 
2,301 

20,891 

Wyoming  .                            ... 

3,007 

Colorado 

2.536 

2.^0                      252 

Arizona                    ....  

12.316  1                 12.738 

Utah 

8,257  1                  8.556 

2.564 

3,707 

'..I    ,            142,164 

155,095 

Washington.. . 

3.395 
1,146 
8,390 

72,  709 
34,487 
34,968 

76,104 

Oregon 

35,633 

California                 

43, 358 

CHAPTER  3.— THE  REGIONAL  PATTERN  OF  WATER  POWER 


I^ittlo  water  power  is  used  directly  at  the  power  site. 
Coiiiinoaly.  stream  energy  is  converted  into  electrical 
energy  and  transmitted  to  points  of  use.  Tecluiical 
limits  of  transmission  are  hardly  defined.  The  central 
question  regarding  transmission  of  power  for  ordinary 
uses,  howeA-er,  is  not  how  far  some  power  might  be 
transmitted  regardless  of  cost.  It  is,  on  the  other 
hand,  how  far  power  may  be  transmitted  without  a  cost 
reaching  uneconomic  levels.  If  a  given  area  must  have 
power,  it  may  choose  between  generating  near  at  hand 
or  obtaining  power  over  transmission  lines  from  other 
areas.  Delivered  cost  of  power  transmitted  some  dis- 
tance cannot,  in  a  free  market,  long  exceed  the  alter- 
native cost  of  generating  by  fuel  or  hydro  closer  at 
liand.  But,  in  the  long  run,  industry  cannot  either  buy 
or  generate  in  a  given  area  if  it  may  move  into  areas 
of  cheaper  power  without  incurring  disadvantages  off- 
setting the  reduction  in  cost  of  power. 

No  specific  economic  limit  of  transmission  can  be 
stated.  But  limits  narrow  enough  to  necessitate  re- 
gional I'egard  for  water  power  are  obvious  enough. 
Dr.  Karl  T.  Coinpton,  president  of  Massachusetts  In- 
stitute of  Teclmology,  although  pointing  out  the  ad- 
vantages of  interconnection  over  far  wider  areas,  said 
in  recent  times  that,  with  methods  then  existent,  elec- 
tric power  could  be  distributed  economically  over  an 
area  not  more  than  about  250  miles  from  the  generat- 
ing station.^'    J.  D.  Ross,  late  Administrator  at  Bon- 


neville, said  more  recently  that  the  practical  transmis- 
sion distance  for  alternating  current  for  very  large 
blocks  of  power  is  about  300  miles.""  In  view  of  the 
rough  relation  between  nninher  of  miles  and  number  of 
thousands  of  volts  desirable  for  distance  transmission, 
this  broad  economic  limit  is  reflected  in  the  fact  that 
at  the  end  of  1936  there  were  in  the  country  only  3,033 
miles  of  transmission  lines  carrying  220,000  volts  or 
moie.-'  It  is  to  be  noted,  however,  that  the  upper  Aolt- 
age  has  risen  from  220,000  to  285,000  in  very  recent 
years. 

Both  the  possibility  of  expansion  in  the  economic 
limits  of  transmission  and  the  economies  of  intercon- 
nection of  electric  power  plants  are  recognized  for  later 
consideration ;  but  regard  for  experience  makes  it  wise 
to  consider  our  water  power  in  its  regional  setting. 

It  is  essential  to  observe  the  caution  that  the  break- 
down by  State  and  region  is,  in  general,  only  for  con- 
venience in  attaining  a  closer  view  of  the  probable  sig- 
nificance of  water  power.  The  present  interstate  and 
interregional  movements  of  fuels  and  electrical  energy 
are  recognized.  And,  with  the  advance  of  interconnec- 
tion among  generating  stations,  the  significance  of  fu- 
ture hydro  developments,  especially  the  greater  ones, 
must  be  viewed  in  the  light  of  a  rather  long  economic 
reach  of  transmission.  That  reach  has  extended  in 
recent  years ;  and  it  seems  likely  to  extend  further,  even 
in   terms  of   alternating   current.     If   direct    cm-rent 


»  Edison  Electric  Inftitute  Bulletin, 
p.  5. 


vol.   5,   No.   1    (January    1337), 


'^Scientific  American,  Pecember  IQ.SS,  p.  ?,0n. 

"Edison  Electric  Institute.   Ktallstirnl  Bulletin  .Vo.  5.  in.S7, 


p.  9. 
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TOTAL  POTENTIAL  WATER  POWER  RESOURCES  IN 
THE  UNITED  STATES  BY  DRAINAGE  BASINS 


Figure  1. 


transmission  is  adopted  for  the  long  reach  with  large 
blocks  of  power,  the  limits  conceived  with  reference  to 
alternating  current  may  be  of  little  relevance. 

Estimates  of  potential  water  power  are  presented  in 
table  1,  which  shows  also  the  allocation  among  the 
States  and  geographic  divisions.  It  shoidd  be  noted 
that  these  are  estimates  of  total  potential  water  power, 
including  that  at  developed  sites.  Estimates  of  feas- 
ible undeveloped  power  are  shown  in  table  6.  Refer- 
ence should  be  made  also  to  tables  2  to  5.-*  Figures 
1  and  2  show,  respectively,  potential  water  power 
(available  90  percent  of  the  time)  and  capacity  of  in- 
stalled water  wheels,  the  former  according  to  drainage 
basins  and  the  latter  according  to  location. 

New  England 

New  England,  with  9.5  percent  of  the  horsepower  in 
manufacturing  and  mining  in  1929  and  6.7  percent  of 
the  population  in  1930,  has  only  2  or  3  percent  of  the 
water  power  and  negligible  deposits  of  mineral  fuel. 
In  spite  of  this  low  percentage  of  water  power.  New 


England  has  more  than  one-ninth  of  the  capacity  of 
water  wheels.  That  is,  in  terms  of  the  condition  pre- 
vailing nationally.  New  England  has  advanced  far  in 
the  use  of  water  power.  Water  wheels  appeared  there, 
of  course,  in  the  very  early  industrial  history  of  the 
country."'  Relative  importance  of  hydro  in  utility 
output  of  electricity  is  shown  in  figure  3. 

At  the  end  of  1937  about  29  percent  of  the  generator 
capacity  of  New  England  plants  producing  electricity 
for  public  use  was  water-driven,  a  proportion  only 
sliglitly  different  from  the  national  percentage;  but, 
whereas  the  hydroelectric  output  of  the  utility  group 
constituted  only  36.1  percent  of  their  total  nationally, 
it  was  41.2  percent  of  the  New  England  total.  More- 
over, 35.8  percent  of  the  water-wheel  capacity  in  New 
England  was  outside  the  public-utility  classification, 
although  nationally  only  12.3  percent  was  outside  the 
utility  industry.^"  A  substantial  part  of  the  capacity 
outside  the  utility  group  is  used  for  mechanical  drive 
rather  than  for  generation  of  electricity. 


's  other  data  used  in  succeeding  pages,  unless  specifically  noted 
otherwise,  are  from,  or  based  on,  ofBcial  Government  reports.  Refer- 
ences should  be  made  especially  to  sees.  I  and  II  above  and  to  sees. 
I  and  II  of  pt.  two,  below. 


2^  For  illustration  of  the  early  strategic  significance  of  water  power 
in  New  England,  see  Shlakman.  Vera,  Economic  History  of  a  Factory 
Toirn:  A  Study  of  Chicopee,  Massachusetts,  Smith  College  Studies  in 
History,   vol.   XX,  Nos.  1-4    (October  1934-July  1935),  pp.  11^7. 

'"  Based  on  table  2  and  special  data  furnished  by  the  Federal  Power 
Commission. 
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Figure  2. 


Willi  its  great  industrial  and  metropolitan  power 
loads,  New  England  has  to  draw  heavih'  on  outside  fuel 
resources.  Total  receipts  of  coal  in  New  England  in 
1937  aggregated  17.8  million  net  tons,  and  sales  of  dis- 
tillate and  residual  fuel  oil  there  in  1936  totaled  over 
36.9  million  barrels." 

Soon  after  the  World  War,  the  problem  of  additional 
power  for  New  England  received  earnest  consideration. 
Some  fairly  large  water  power  and  many  small  power 
possibilities  were  known  to  exist;  but  it  was  realized 
that  even  the  best  feasible  use  of  New  England  water 
power  would  be  too  limited  to  provide  the  relief 
needed.'-  Morcovei-,  Maine,  which  has  an  important 
share  of  New  England's  potential  water  power,  has  a 
legal  ban  (with  some  exceptions)  on  the  use  of  her 
water  power  for  loads  outside  the  State.'^     The  possi- 


»i  Minerals  Yearbook,  103S,  pp.  698,  883. 

"  Murr.iy,  W.  S.,  and  others.  A  Supervisor  System  for  the  Region 
Between  Boston  and  Washington,  V.  S.  Department  of  the  Interior, 
Geological  Survey,  Professional  Paper  123  (1921).  Northeastern 
Super  Power  Committee,  Super  Power  Studies  for  the  Northeast  Sec- 
tion of  the  United  States,  (1924).  Main,  Charles  T.,  Harriman, 
Henry  I.,  and  Jackson.  Dugald  C,  "Power  Requirements  and  Sources 
of  Supply  of  New  England,"  Journal  of  the  Boston  Society  of  Civil 
Engineers,  vol.  XI,  No.  5  (May  1924),  pp.  193-227. 

"  Federal  Power  Commission,  national  Power  Survey,  Interim  Re- 
port, Power  Series  No.  1  (1935),  pp.  35,  46.  Revised  Statutes  of 
Maine.  1930.  ch.  6S,  p.  1108. 


bility  of  power  for  New  England  from  Niagara  and 
the  international  section  of  the  St.  Lawrence  was  being 
considered,  but  distance  seemed  a  major  hurdle  in  terms 
of  the  stage  of  development  existing  in  transmission  at 
that  time.  Even  in  1929.  the  Brookings  Institution, 
after  extensive  analysis,  although  conceding  its  even- 
tual development,  doubted  the  practical  economic  avail- 
ability of  St.  Lawrence  power  except  in  terms  of  some 
future  prospect  for  great  power-consuming  industries 
at  or  near  the  river.'*  At  the  end  of  1928  (i.  e.,  just 
preceding  the  report  of  the  Brookings  Institution) 
there  were  in  this  country  no  utility  transmission  lines 
rated  above  220,000  volts."  Subsequently,  the  Boulder- 
Los  Angeles  line  of  285,000  volts  appeared,  extending 
266  miles,  jjower  from  Boulder  going  60  to  100  miles 
farther  after  the  step-down  from  this  very  high  volt- 
age. The  Power  Authority  of  the  State  of  New  York, 
meanwhile,  is  convinced  that  its  estimates  on  various 
proportions  of  power  at  distances  50, 100,  and  200  miles 
from  the  power  sites  and  under  different  load-factor 
assumptions  are  distinctly  in  favor  of  the  hydro  devel- 
opment on  the  St.  Lawrence.'^    In  view  of  the  signifi- 


M  Moulton,   Harold   G.,   Morgan,   Charles   S.,   and   Lee,   Adah   L.,   The 
St.  Lawrence  \avigatinn  and  Poicer  Project  (1929),  pp.  226-27. 
"  Edison  Electric  Institute.  Statistieal  Bulletin  No.  5,  1937,  p.  9. 
"75th  Congress.  2d  Session,  House  Document  Xo.  52,  pp.  6,  17-18. 
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cant  develoijment  in  transmission,'"  and  with  recogni- 
tion of  the  abundant  potential  firm  power  in  the  St. 
Lawrence,  consideration  of  St.  Lawrence  power  for 
part  of  the  New  England  load  within  a  few  years  seems 
more  plausible  than  it  did  a  few  years  ago. 

Higher  fuel  costs  appear  liliely  in  New  England,  as 
elsewhere.  Rise  in  cost  of  fuel  oil  is  especially  likely 
because  of  increased  use,  pressure  of  exploitation  on 
known  reserves,  domestic  regulation,  and  the  height- 
ened tension  of  international  rivalries  for  oil.  New 
England's  main  recourse,  in  such  contingency,  must  be 
either  more  abundant  hydro  power  or  heavier  draft  on 
coal.  Meanwhile,  reflections  of  comparative  maturity, 
if  not  of  actual  stress,  in  that  region  are  seen  in  the 
relatively  slow  growth  of  population  and  actual  loss  of 
manufacturing  wage  earners  in  important  New  England 
industrial  areas.'*  In  the  cotton  textile  industry  the 
number  of  active  spindles  in  New  England  increased 
until  1921 ;  but  from  1900  to  1921  the  increase  of  num- 
ber in  the  cotton-growing  States  was  more  than  twice 
as  great.  From  1921  through  1938  (reporting  year 
ended  July  31)  the  number  in  New  England  declined 
by  about  12,169,000,  while  the  number  in  the  cotton- 
growing  States  increased  by  approximately  2,419,000.'^ 
Far  the  larger  part  of  the  spindles  in  place  outside 
New  England  are  in  the  Carolinas,  Georgia,  and  Ala- 
bama, where  great  use  is  made  of  water  power.'"'  But 
a  notable  fact  about  New  England  manufactures  in  the 
post-war  period  has  been  the  great  increase  in  the  use 
of  power  equipment  (except  in  Vermont)  and  an  in- 
creasing relative  dependence  on  motors  driven  by  pur- 
chased energy.*^  And  there  was  an  increase  of  about 
53  percent  in  watei'-wheel  capacity  in  New  England 
from  1921  to  1938.  For  an  area  devoid  of  native  fuel 
resources  and  having  only  limited  water  power,  the 
larger  stake  in  industrial  power  equipment  means  an 
intensified  problem  of  industrial  jDower. 

Middle  Atlantic  Division 

The  Middle  Atlantic  division,  comprising  the  States 
of  New  York,  New  Jersey,  and  Pennsylvania,  had  21.4 
percent  of  the  national  population  in  1930.  That  divi- 
sion in  1929  had  27.8  percent  of  the  horsepower  in 
manufacturing,  mines,  and  quarries.  Since  only  about 
3.4  percent  of  the  land  area  of  the  country  is  in  those 


*^  National  Resources  Committee,  Technological  Trends  and  Xational 
Policy  (1937).  pp.  269  ff.,  especially  278-80. 

*^  See  McLaughlin,  Glenn  E.,  Growth  of  American.  Manufacturing 
Areas,  Bureau  of  Business  Research,  University  of  Pittsburgh  (1938), 
Charts  11,  27. 

"IT.  S.  Department  of  Commerce.  Bureau  cf  the  Census,  Cotton 
Production  and  Distribution,  Season  of  1037-3S,  Bulletin  175,  pp.  23, 
27.  The  national  total  declined  by  less  than  one-third  of  the  peal< 
number ;  the  New  England  total  declined  by  more  than  two-thirds  of 
its  pealc. 

"Ibid.,  p.  34. 

« Fifteenth  Census  of  the  United  States  :  1930.  Manufacttires,  1929, 
vol.  III.     Refer  to  summaries  for  the  respective  New  England  States. 


States,  the  relatively  high  density  of  population  and 
industry  is  obvious.  Of  the  estimated  total  potential 
water  power,  the  Middle  Atlantic  division  has  11.5  per- 
cent. This  percentage  is  comparatively  high  in  terms 
of  land  area,  but  it  is  comparatively  low  in  terms  of 
population  and  industry.  Moreover,  it  should  be  noted 
that  this  proportion  of  the  Nation's  water  power  is 
reached  only  bj'  the  inclusion  of  additional  power  from 
more  complete  use  of  our  allotment  of  the  international 
waters  of  the  Niagara  River  and  our  probable  share  of 
power  on  the  international  section  of  the  St.  Lawrence. 
Tine  latter  is  not  legally  accessible  until  agreement  is 
reached  with  Canada.  About  half  of  the  undeveloped 
power  in  this  division  is  in  these  two  streams.  Re- 
garding these  great  sources,  what  was  said  above  with 
respect  to  New  England  applies  broadly.  Earlier 
doubts  relating  to  distance  seem  to  be  sufficiently  re- 
duced by  recent  transmission  developments  to  permit 
I'econsideration  of  Niagara  and  the  St.  Lawrence  as 
possible  sources  of  additional  hydro  power  for  impor- 
tant loads  in  the  Middle  Atlantic  section.  In  addition, 
water  power  in  portions  of  Maryland,  Virginia,  and 
West  Virginia  may  be  kept  in  mind,  particularly  with 
reference  to  Pennsylvania  loads. 

Of  the  total  water-wheel  capacity  in  the  Middle  At- 
lantic division,  nearly  88  percent  is  in  public-utility 
plants.  At  the  end  of  1937,  water-driven  generators 
constituted  a  little  less  than  one-sixth  of  the  capacity 
of  utility  power  plants.  Although  for  the  country  gen- 
erally hydroelectric  output  constituted  more  than  36 
percent  of  the  electricity  for  public  use  in  1937,  the 
corresponding  percentage  in  the  IMiddle  Atlantic  States 
was  only  28.  That  region  produced  25.5  percent  of  the 
Nation's  electricity  for  public  use  in  1927,  but  it  pro- 
duced only  18.7  percent  of  the  national  output  of  hydro- 
electric plants  of  public  utilities. 

This  highly  industrialized  area  must  depend  on  fuel 
for  the  larger  part  of  its  power.  Its  fuel  resources  are 
mainly  the  coal  beds  of  Pennsylvania.  Its  industrial 
fuel  resources  are  mainly  the  bituminous  coal  beds  in 
the  western  half  of  Pennsylvania.  Heavy  draft,  how- 
ever, is  made  on  coal  from  more  southward  areas,  and 
substantial  use  is  made  of  oil. 

At  the  end  of  1937  the  total  capacity  of  water  wheels 
in  plants  having  more  than  100  horsepower  each  was 
1.858,000  horsepower  in  New  York.  Judged  by  the 
approximations  in  table  6,  use  was  made  of  only  about 
38  percent  of  the  feasible  potential  water  power  of  that 
State  in  1937.  The  total  production  of  electricity  at 
utility  hydroelectric  plants  was  somewhat  over  6.1  bil- 
lion kilowatt-hours  in  1937;  other  water  wheels  being 
included,  the  total  output  was  the  equivalent  of  about 
6.8  billion.  The  undeveloped  water  power  of  New 
York,  estimated  to  be  great  enough  for  an  output  of 
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nearly  10.9  billion,  is  in  large  part  in  the  western  por- 
tion of  the  State.  There  are,  of  course,  important  loads 
in  western  and  middle  New  York,  but  the  larger  pres- 
ent requirements  for  power  are  on  or  near  the  eastern 
seaboard.  Hence  the  great  significance  of  the  search 
for  an  acceptable  plan  to  reach  eastward  with  the  large 
potential  base  power  in  tlie  western  part  of  the  State. 

Nearly  63  percent  of  the  utility  output  of  electricity 
in  Xew  York  in  1937  was  fuel-generated.  Both  the 
greater  load  and  the  greater  proportionate  dependence 
on  fuel  are  in  the  eastern  part  of  the  State.  Most  of 
the  fuel  used  for  generation  of  power  in  1937  was 
coal.*-  In  1929  Pennsylvania  supplied  a  little  more 
than  lialf  of  the  coal  received  l)y  rail  in  New  York. 
Close  to  one-third,  received  by  tidewater,  was  not  clas- 
sified bj'  origin  in  tlie  available  data,  but  AVest  Vir- 
ginia originated  56  percent  of  all  tidewater  coal  in 
1929.  Comparison  of  1929  data  with  1917  data  shows 
increasing  reach  of  New  York  to  fuel  beds  Ij'ing  south 
of  Pennsylvania.*^ 

Pennsylvania  has  estimated  water  power  aggregat- 
ing 507,000  horsepower  available  90  percent  of  the 
time.  At  the  end  of  1937  the  capacity  of  installed 
water  wheels  was  562,000  horse[)owcr.  The  estimated 
feasible  potential  is  indicated  by  table  G  to  be  about 
214  times  the  use  of  water  power  in  1937,  if  not  more. 

The  most  significant  hydroelectric  plants  in  Penn- 
sylvania are  in  the  eastern  part  of  the  State,  intercon- 
nected with  large  fuel  plants.  The  centers  of  western 
Pennsylvania  having  large  power  requirements  are  near 
the  coal  beds.  If  considered  in  terms  of  power  alone, 
extensive  developments  of  the  western  Pennsylvania 
rivers  might  well  be  doubted  for  the  near  future.  It 
must  be  remembered,  however,  that  disastrous  floods  of 
recent  years,  as  well  as  grave  problems  of  stream  pollu- 
tion, not  to  speak  of  the  additional  problem  of  cheap 
navigation,  have  focused  considerable  interest  on  the 
development  of  those  rivers.  The  Pennsylvania  State 
Planning  Board  has  dramatically  shown  the  gravity  of 
the  flood  jiroblem  in  the  Pittsburgh  region  and  favors 
prom^jt  planning  of  adequate  flood-control  works.  In 
view  of  the  relative  cheapness  of  power  from  steam 
plants  "under  prevailing  conditions,"  the  board  does 
not  recommend  any  Indroelectric  projects  for  the  west- 
ern Pennsylvania  section.**  One  need  not  overlook, 
however,  that  prevailing  conditions,  as  regards  stream 
flow,  would  be  greatly  altered  by  works  of  the  kind  ap- 
proved by  the  board.    For  example,  it  is  reported  that 


"  Federal  Power  Commission,  Electric  Power  Statistics,  19S7,  pp. 
19-26. 

"  Fritz,  Wllbert  G.,  and  Veenstra,  Tlieodore  A.,  Regional  Shifts  in 
the  Bituminous  Coal  Industry  (Bureau  of  Business  Research,  Cniver- 
sity  of  rittsburgli,  1935),  pp.  50-52. 

"  Pennsylvania    State    Planning    Board,    Drainage    Basin   Study    of 
Pennsylvania  (1937),  pt.  3,  pp.  121-23. 
129960—39 17 


rainfall  in  the  Tygart  Basin  was  less  than  50  percent 
of  normal  in  October  1938  but  that  storage  in  Tygart 
Keservoir  provided  about  SO  percent  of  the  flow  in  the 
upper  Moiiongaiieia  during  that  month.  Moreover,  at 
the  date  of  the  announcement,  November  18,  it  was  said 
that  storage  in  Tygart  Reservoir  was  sufficient  to  main- 
tain the  flow  until  December  15."  If  80  percent  of  the 
flow  was  due  to  that  storage  project,  one  may  proceed  by 
simple  arithmetic  to  the  conclusion  that,  during  the  dry 
month,  flow  in  tiie  ui)j)er  Monongahela  with  that  stor- 
age was  five  times  what  it  woifld  have  been  without  it. 
With  regard  to  the  Middle  Atlantic  section  as  a  whole, 
one  cannot  escape  the  fact  that,  in  view  of  the  location 
of  the  coal  beds  and  of  the  huge  amount  of  water  re- 
quired for  condensing,""'  large  plants  at  or  near  the  mine 
mouth  are  possible  only  in  western  Pennsylvania  and  to 
a  much  more  limited  extent  in  the  central  Pennsylvania 
bituminous  fields  and  the  antluacite  fiefds  of  the  ea.st. 
In  most  of  the  densely  industrial  Middle  Atlantic  divi- 
sion, fuel  must  bear  a  considerable  freight  charge.  The 
increasing  com])arative  exhaustion  of  the  better  beds 
of  coal  and  the  attempts  at  piice  control  in  the  bitu- 
minous coal  industry  and  in  I  he  oil  and  gas  industry 
suggest  increased  fuel  cost  and  greater  inducement  to 
the  development  of  water  power  in  the  MidtUe  Atlantic 
States. 

East  North  Central 

Tliis  division,  composed  of  Ohio,  Indiana,  Illinois, 
Micliigan,  and  Wisconsin,  had  nearly  the  same  propor- 
tion as  the  Middle  Atlantic  of  national  population  in 
1930  and  of  horsepower  in  manufacturing  and  mining 
comliined  in  1929.  Tlie  estimated  water  jiower  tliere 
is  only  a  little  more  than  one-sixth  that  of  the  Middle 
Atlantic  di^asion,  although  the  land  area  is  close  to 
214  times  as  large. 

The  available  water  power  in  the  East  North  Cen- 
tral division  is  estimated  at  869,000  horsepower  avail- 
able 90  percent  of  the  time  and  1,640.000  hoi-sepower 
available  50  percent  of  the  time.  Spi-ead  between  the 
two  estimates,  being  so  much  greater  than  that  in  areas 
in  which  the  obvious  j^resence  of  much  greater  power 
has  led  to  more  examination  of  storage  possibilities, 
suggests  that  storage  might  increase  the  lower  figure 
considerably.  Tlie  futui'e  importance  to  this  division 
of  any  comprehensive  water  control  measures  in  either 
the  Ohio  Valley  or  portions  of  the  Mississippi  may  be 
noted. 

Estimated  feasible  undeveloped  power  adequate  for 
an  aimual  out[)ut  of  3.1  billion  kilowatt-hours  is  indi- 


'^  Pittsburgh  Press,  November  18.  19.38. 

"For  example,  tlie  Duque.sne  Liglit  Co.  (Pittsburgh  and  vicinity) 
reports  the  use  of  600  million  gallons  a  day,  six  times  a.s  much  as  Is 
used  by  the  whole  population  in  Pittsburgh.  Advertisement,  Pittsburgh 
Post-Ga:ette,  January  6,  1939. 
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cated  for  this  region ;  hydroelectric  production  in  that 
area  in  1937,  including  an  allowance  for  water  wheels 
outside  utility  and  public  plants,  is  estimated  at  about 
2.9  billion.  Far  the  larger  part  of  the  hydro  produc- 
tion of  the  East  North  Central  group  is  in  Michigan 
and  Wisconsin,  which  also  have  the  larger  part  of  the 
undeveloped  power  of  that  division. 

Ohio  and  Indiana  have  very  limited  potential  water 
power.  For  Ohio,  it  seems  quite  conceivable  that  the 
ratlier  large  undeveloped  water  power  of  "West  Vir- 
ginia may  eventually  have  considerable  significance. 
And  Kentucky  power  possibilities  may  have  a  bearing 
on  tlie  requirements  of  Indiana. 

Wisconsin  is  without  known  fuel  resources.  At  the 
end  of  1937,  utility  generator  capacity  in  Wisconsin 
aggregated  916,329  kilowatts,  of  which  241,250,  or  more 
than  26  percent,  was  hydro.  Total  capacity  of  in- 
stalled water  wheels  in  Wisconsin  declined  by  about 
52.000  horsepower  from  the  beginning  of  1934  to  the 
end  of  1937.  No  doubt  some  significant  water  power 
may  come  from  developments  aimed  at  steam  control, 
both  on  streams  in  the  Great  Lakes  Basin  and  in  the 
upper  Mississippi  Basin.*'  The  State  has  the  advan- 
tage of  comparative  cheapness  of  fuel  and  abundance 
of  condensing  water  on  Lake  Michigan,  near  the  major 
industrial  loads;  but  further  development  of  water 
power  is  expected  when  the  somewhat  extended  fuel 
plant  capacity  is  sufficiently  taxed  to  call  for  additional 
power  for  peak  purposes.*'*  Feasible  undeveloped  water 
power  in  Wisconsin  is  estimated  to  be  sufficient  for 
an  annual  output  of  976  million  kilowatt-hours.  The 
estimated  total  output  in  1937,  including  industrial, 
was  equivalent  to  somewhat  less  than  1.2  billion. 

Michigan  has  some  coal,  lying  southward  of  Saginaw 
Bay,  but  produces  at  a  disadvantage.  Her  annual  pro- 
duction in  the  period  1934-36  averaged  625,000  tons; 
in  1937,  it  was  561,000  tons.*'  But  Michigan  public- 
utility  plants  alone  used  over  2.5  million  tons  in  1937 
for  power  production.  Hydro  production  of  utility 
plants  in  1937  approximated  988  million  Mlowatt- 
hours,  or  about  17  percent  of  their  output.  The  total 
energy  output  of  all  water  wheels  in  Michigan  is  esti- 
mated at  more  than  1.2  billion.  Feasible  undeveloped 
power  of  more  than  a  billion  kilowatt-hours  annually 
is  estimated.  Coal  for  use  in  Michigan  is  drawn 
largely  from  West  Virginia  and  eastern  Kentucky 
fields.^"  The  haulage  necessary  to  obtain  fuel  suggests 
pressure  in  the  direction  of  available  water  power.    A 


"National  Resources  Committee,  Drainage  Basin  Proilems  and 
Programs  (1937  revision),  pp.  27-.31. 

**  National  Resources  Board,  Inventory  of  the  Water  Resources  of  the 
Great  Lakes,  St.  Lawrence  River  and  Red  River  of  the  Xorth  Drainage 
Area  (1935),  pp.  31-32. 

"Minerals  Yearbook.  19S8.  pp.  696,  708. 

""  Fritz  and  Veenstra,  op.  cit.,  ]ip.  GO-Cl. 


significant  increase  in  water-wheel  capacity  in  recent 
years  tends  to  indicate  such  pressure. 

Illinois  is  estimated  to  have  214,000  horsepower 
available  90  j^ercent  of  the  time  and  497,000  half  of 
the  time.  The  spread  suggests  possible  advance  of  the 
lower  figure  by  storage.  Production  of  all  water 
wheels  in  the  state  in  1937  amounted  to  about  282  mil- 
lion kilowatt -hours.  A  feasible  additional  total  of  over 
500  million  is  estimated.  Early  utilization  of  the  re- 
mainder, if  development  of  waters  were  dependent 
wholly  on  power,  might  be  doubted,  for  Illinois  has 
coal  reserves  amounting  to  approximately  198  billion 
tons  and  annual  production  of  40  to  60  million  tons. 
Problems  of  flood  control,  stream  pollution,  and  navi- 
gation, however,  may  lead  to  substantial  joint-product 
or  byproduct  power.  As  regards  the  Chicago  metro- 
politan area,  the  factor  of  transmission  cost,  which  has 
to  be  considered  with  reference  to  water  power,  is  al- 
ready encountered  in  the  fuel-generated  power  supply, 
as  we  may  note  in  the  tie  to  a  great  fuel  plant  on  the 
Illinois  River.'^ 

South  Atlantic  Division 

This  division  includes  the  seaboard  States  from  Dela- 
ware to  Florida,  inclusive,  and  the  inland  State  of 
West  Virginia.  It  had  12.9  percent  of  the  population 
in  1930  and  10.6  percent  of  the  combined  horsepower 
in  manufacturing  and  mining  in  1929.  With  9  percent 
of  the  land  area,  it  has  around  7  percent  of  the  water 
IDower.  Thus,  relative  to  either  population,  industry, 
or  land  area,  water  power  is  somewhat  low. 

Water  wheels  in  the  South  Atlantic  division,  includ- 
ing those  outside  the  utility  industry,  are  estimated  to 
have  produced  the  equivalent  of  about  8.4  billion  kilo- 
watt-hours in  1937.  A  feasible  output  from  undevel- 
oped water  power  of  more  than  22.4  billion  kilowatt- 
hours  is  estimated.  Of  3,224,000  horsepower  of  in- 
stalled water  wheels  at  the  end  of  1937,  plants  not 
included  in  the  utility  classification  had  552,600  horse- 
power, the  larger  part  of  this  industrial  class  being  in 
West  Virginia  and  North  Carolina."^ 

Hydroelectric  generators  constituted  close  to  44  per- 
cent of  utility  capacity  and  supplied  more  than  half 
of  all  electricity  produced  for  public  use  in  the  South 
Atlantic  division  in  1937.  In  1932,  44.8  percent  of  the 
utility  generating  capacity  was  hydro  and,  with  de- 
pression emphasis  on  hydro  operations,  61  percent  of 
the  production  was  hydro.  The  total  utility  output 
was  nearly  9.5  billion  kilowatt -hours  in  1932 ;  less  than 
37  million  came  from  publicly-owned  hydro  plants."^ 


"  Federal  Power  Commission,  National  Power  Survey,  Interim  Report, 
Power  Series  No.  1   (1935),  map  facing  p.  6. 

'•'  Data  from  tlie  Federal  Power  Commission. 

"  Census  of  Electrical  Industries  :  1932,  Central  Electric  Light  and 
Power  Stations,  pp.  32,  36,  57,  59. 
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Population  in  that  area,  in  round  numbers,  was  5.9 
million  in  1870;  10.4  million  in  1900;  and  15.8  million 
in  1930.  Agriculturally,  the  region  is  mostly  old  and 
long  ago  settled ;  these  great  gains  are  in  a  significant 
measure  due  to  industrial  and  commercial  growth. 
That  growth,  very  much  associated  with  textiles  and 
tobacco,  has  also  important  showings  in  chemicals, 
paper,  and  other  lines." 

From  1900  to  1930,  when  the  percentage  increases  of 
population  in  the  great  Middle  Atlantic  and  East  North 
Central  divisions  were,  respectively,  69.9  and  58.3  per- 
cent, the  population  of  the  South  Atlantic  division  in- 
creased 51.2  percent.  From  the  end  of  1926  to  the  end 
of  1937,  generating  capacity  of  the  light  and  power 
industry  increased  nationally  by  51  percent;  in  that 
period  generating  capacity  in  the  South  Atlantic  area 
increased  by  58  percent.  Nationally,  the  number  of 
consumers  increased  by  34  percent.  In  the  South  At- 
lantic area  the  number  increased  by  56  percent."'  In 
that  period  the  total  reported  capacity  of  installed 
water  wheels  of  the  South  Atlantic  group,  including 
industrial  plants,  increased  75  percent.  In  short,  the 
area  has  shown  sharp  increase  in  the  use  of  water 
power." 

Before  we  consider  the  several  States,  it  is  well  to 
guard  against  any  appearance  of  overemphasizing  the 
dependence  of  those  States  on  their  own  power  re- 
sources. The  transmission  interconnection  of  the 
southeast  is  notable."  Private  water-power  develop- 
ment in  the  Piedmont  and  mountain  sections  of  the 
Carolinas  and  Georgia  and  both  public  and  private 
development  in  Alabama  and  Tennessee  are  in  the  area 
of  an  important  interconnected  network,  the  character 
of  which,  of  course,  is  still  in  the  making. 

It  is  essential  also  to  observe  that  there  are  pressing 
problems  of  flood  control,  stream  pollution,  and  public 
water  supply  in  this  southeastern  area.  Power  possi- 
bilities are  large  in  the  designs  necessary  to  deal  with 
the  water-control  problems."^^ 

Florida  and  Delaware  have  negligible  water  power. 
The  other  States  will  be  examined  briefly  in  the  order 
of  the  magnitude  of  available  water  power. 


«  Cf.  "The  Industrial  South,"  Fortune,  vol.  XVIII,  No.  5  (NoTember 
19.38),  p.  45. 

"Based  on  data  from  Edison  Electric  Institute,  Statistical  Bulletin 
No.  i  Janiiarv  1937,  pp.  36.  38,  and  Statistical  Bulletin  No.  5  (April 
1938)  pp.  7,  11. 

"  The  rise  of  the  cotton  textile  Industry  In  the  south,  In  comparison 
with  that  of  New  England,  was  at  first  centered  particularly  in  the 
Carolinas  and  Georgia.  The  great  rise  of  the  tobacco  Industry  also 
has  been  especi.illy  sicniflcant  there.  Benglson,  Nels  A.,  and  Van 
Royen,  Willem,  Fundamentals  of  Eeonomio  Geography  (1936),  pp. 
G28,  723. 

"  Federal  Power  Commission,  National  Power  Survey,  Interim  Re- 
port, Power  Series  No.  1  (1935),  map  facing  p.  G. 

"  National  Resources  Committee,  Drainage  Basin  Problems  and 
Programs,  (1937  Revision),  pp.   19-2.1. 


(ieorgia  has  622,000  horsepower  available  90  percent 
of  the  time  and  about  one-sixth  more  available  half  of 
the  time.  The  capacity  of  all  installed  water  wheels 
in  Georgia  at  the  end  of  1937  was  nearly  584,000  horse- 
power, 96.5  percent  of  this  being  in  utility  plants.  The 
hydro  capacity  of  utilities  comprised  seven-tenths  of 
their  total  capacity  and  supplied  nearly  eight-tenths 
of  their  production  in  1937.  Having  negligible  fuel 
resources  and  negligible  coal  output,  Georgia  might  be 
expected  to  lean  on  the  coal  resources  of  her  neighbors — 
Alabama  and  Tennessee.  The  coal  used  by  electric 
utilities  in  Georgia  in  1937,  however,  aggregated  only 
32,529  tons;  fuel  oil,  amounting  to  261,464  barrels,  was 
the  fuel  equivalent  of  about  65,000  tons  of  coal ;  natural 
gas,  almost  3.6  billions  of  cubic  feet,  equaled  around 
157,000  tons  of  coal."  In  other  words,  on  a  thermal 
basis,  85  to  90  percent  of  the  fuel  used  by  utilities  in 
that  State  w^as  oil  and  gas.  Most  of  this  use  of  nat- 
ural gas  has  come  about  since  the  Census  of  Electrical 
Industries  was  taken  in  1932.  A  gas  pipe  line  from 
Louisiana  extends  eastward  of  Atlanta. 

Output  of  all  water  wiieels  in  Georgia  in  1937  is  esti- 
mated to  have  been  equivalent  to  somewhat  over  1.4 
billion  kilowatt-hours.  Feasible  output  from  unde- 
veloped water  power  is  estimated  at  about  2.6  billion. 
Thus,  the  physical  latitude  for  great  increase  of  water 
power  is  obvious. 

North  Carolina,  according  to  the  Geological  Survey, 
had  in  1936  a  total  of  582,000  horsepower  available  90 
percent  of  the  time  and  818,000  available  half  of  the 
time.  Feasible  annual  output  from  undeveloped  water 
power  in  that  State  is  estimated  at  nearly  3.9  billion 
kilowatt-hours.  The  estimated  total  output  of  water 
wheels  in  1937  was  less  than  2.4  billion. 

The  population  of  North  Carolina  increased  by  24 
percent  from  1920  to  1930;  this  gain  was  far  above  the 
12.9  percent  in  the  South  Atlantic  division  and  the  16.1 
percent  in  the  Nation  as  a  whole.  From  1919  to  1929, 
the  average  number  of  wage  earners  in  manufactures 
in  the  State  rose  from  158,000  to  210,000  and  the  horse- 
power in  manufacturing  rose  from  550,000  to  840,000. 
Growth  in  the  cotton  textile  industry  and  in  the  tobacco 
industry  has  been  of  great  importance  in  North  Caro- 
lina in  recent  decades.  Total  water-wheel  capacity  al- 
most tripled  from  1921  to  1935,  nearly  all  being  pri- 
vately developed.  In  other  words,  the  evidence  of 
growing  use  of  power  has  not  been  wanting.  North 
Carolina  has  relatively  minor  coal  reserves  and  negli- 
gible coal  production.  There  is  appearance,  therefore, 
of  incentive  for  continuing  the  development  of  water 
power,  quite  aside  from  the  further  urge  introduced  in 


"Fuel  used:  Federal  Power  Commission,  Electric  Power  Statistics, 
19Sn,  pp.  20-26.  As.sumed  for  conversion :  4  barrels  of  oil  or  23,000 
cubic  feet  of  natural  gas  equal  1  ton  of  coal.  U.  S.  Bureau  of  the 
Census,   Central  Eleotrio  Light  and  Power  Stations,  1932,   p.  21. 
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connection  with  public  problems  of  stream  control  of 
that  region. 

In  West  Virginia,  feasible  annual  output  of  water 
power  is  estimated  at  7.8  billion  kilowatt-hours.  Total 
output  of  water  wheels  in  that  State  in  1937  is  esti- 
mated at  only  699  million.  Water-wheel  capacity 
amounted  to  only  272,000  horsepower  at  the  end  of 
1937,  and  more  than  two-thirds  of  this  total  appeared 
after  1934.  Water  wheels  outside  the  reported  utility 
group  aggregated  146,100  horsepower  at  the  end  of 
1937.  Only  one-eighth  of  the  production  of  electricity 
by  utilities  in  West  Virginia  was  from  hydro  plants  in 
1937. 

West  Virginia  has  huge  coal  reserves  and  huge  pro- 
duction, having  risen  into  first  position  among  the 
States  in  coal  output.  And  yet  a  large  private  hydro 
plant,  first  reflected  in  the  water-wheel  data  for  the  end 
of  1934,  must  have  been  constructed  in  the  depth  of  the 
depression,  when  the  coal  industry  was  desperate  for 
markets.  Whether  that  circumstance  represents  a 
break  of  development  in  West  Virginia  is  not  certain. 
But  that  there  are  larger  quantities  of  water  power 
available  for  the  future  is  certain.  The  possible  sig- 
nificance of  West  Virginia  water  power  to  some  of  the 
Ohio  loads  has  been  mentioned  above.  If  considered 
wholly  on  a  power  basis,  the  prospect  of  water  power 
in  West  Virginia  must  be  viewed  against  the  backdrop 
of  cheap  fuel.  But  again  (February  1939),  flood  devas- 
tation in  West  Virginia  draws  attention  to  the  need 
of  water  control  measures ;  and  it  is  hardly  in  line  with 
economy  to  forget  the  power  possibilities  of  such 
controls. 

South  Carolina  has  feasible  undeveloped  water  power 
estimated  to  be  sufficient  for  an  output  of  2.2  billion 
kilowatt -hours  annually.  In  1937,  the  estimated  total 
output  of  all  water  wheels  in  the  State  was  1.7  billion 
kilowatt-hours. 

South  Carolina  had  water-wheel  capacity  aggregat- 
ing 837,000  horsepower  at  the  end  of  1937.  The  com- 
parable total  in  1921  was  330,000  horsepower.  Ap- 
proximately 95  percent  of  this  capacity  was  in  the 
plants  of  public  utilities.  Over  92  percent  of  the  pro- 
duction of  electricity  by  the  utility  groups  in  South 
Cai-olina  in  1937  was  from  hydroelectric  generators. 

Population  in  South  Carolina  increased  only  3.3  per- 
cent from  1920  to  1930.  From  1919  to  1929,  however, 
the  hoi-sepower  in  manufacturing  increased  from 
395,000  to  527,000.  Capacity  of  installed  water  wheels, 
aggregating  330,000  horsepower  in  1921.  has  exceeded 
800,000  horsepower  since  1930.  Growth  in  power  and 
in  power  requirements  in  South  Carolina  may  be  seen 
clearly.  Without  native  ftiel  resources.  South  Caro- 
lina is  likely  to  see  more  marked  development  of  water 
power. 


Virginia's  feasible  undeveloped  water  power  is  esti- 
mated to  be  sufficient  for  an  output  of  4.5  billion  kilo- 
watt-houi-s  annually.  The  i^ower  output  of  all  water 
wheels  in  this  State  in  1937  is  estimated  at'493  million 
kilowatt-hours. 

Virginia's  growth  in  recent  years  has  not  been  rapid, 
but  there  has  been  growth.  The  State  has  no  very  im- 
portant coal  reserves  except  in  the  far  southwest  ex- 
tremity. The  neighboring  State  of  West  Virginia  has 
abundant  coal,  and  its  coal  fields  are  the  source  of  a 
tremendous  flow  of  coal  eastward,  especially  to  tide- 
water at  Hampton  Roads.  The  water-wheel  capacity 
in  Virginia  declined  somewhat  after  1928,  but  there 
was  some  increase  afterward,  the  total  at  the  end  of 
1937  being  151,000  in  comparison  M-ith  104,000  at  the 
end  of  1921.  Approximately  one-fourth  of  the  utility 
output  in  Virginia  in  1937  was  hydro.  The  Census 
showed  a  little  over  one-third  in  1932. 

East  South  Central 

This  division  includes  the  States  of  Kentucky,  Ten- 
nessee, Alabama,  and  Mississij^pi.  These  States  to- 
gether embrace  approximately  6  percent  of  the  land 
area  of  the  country;  in  1930  the  area  included  8.1  per- 
cent of  the  national  population.  It  has  somewhat  over 
6  percent  of  the  potential  water  jaower,  as  estimated  in 
1936,  and  has  about  7  percent  of  the  undeveloped 
power.  Of  the  generator  capacity  of  public  utilities  in 
the  country,  about  5  percent  was  located  in  the  East 
South  Central  division  at  the  end  of  1937,  and  only 
4.24  percent  of  the  utility  production  of  electricity  took 
place  in  that  area.  The  aggregate  horsepower  in  man- 
ufacturing, mines,  and  quarries  in  1929  constituted 
about  5  percent  of  the  national  total.  Thus  the  area 
is  noticeably  below  the  national  average  in  per  capita 
water  power,  industrial  horsepower,  electi-ic  generator 
capacity,  and  output  of  electricity.  The  estimated  total 
energy  output  of  water  wheels  in  this  region  in  1937 
was  3.8  billion  kilowatt -hours.  The  estimated  feasible 
output  from  undeveloped  water  power  is  19.5  billion. 

In  considering  the  water  power  of  the  East  South 
Central  division  it  is  well  to  recognize  at  the  outset 
both  the  extensive  transmission  network  of  the  south- 
east and  the  great  public  project  in  the  Tennessee 
Valley.  The  extensive  netwoi-k  signifies  the  impor- 
tance of  the  developed  interchange  of  power  between 
Tennessee  and  Alabama  and  the  States  to  the  east  (in 
the  South  Atlantic  division).  The  public  project  of 
multiple-pui-pose  character  reflects  a  species  of  coordi- 
nated basin-wide  development  which  not  only  adds 
greatly  to  the  total  hydro  available  but  also  gives  added 
significance  to  hydro  as  a  source  for  base  power. 

Of  the  generator  capacity  of  electric  utilities  in  the 
East  South  Central  Division,  59.1  percent  at  the  end  of 
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1937  was  water  driven;  tlie  comparable  uaiional  per- 
centage was  28.3.  Of  the  production  of  electricity  at 
central  stations  for  which  data  are  shown  in  table  3, 
08.9  was  from  hydroelectric  generators;  the  comparable 
national  percentage  was  36.1. 

Capacity  of  T.  V.  A.  is  becoming  of  importance  in 
that  area;  but  it  should  be  noted  that  in  193-2  approxi- 
mately half  of  the  capacity  of  prime  movers  in  the 
power  and  light  industry  of  that  area  was  water-driven. 
Generator  capacity  driven  by  water  in  1932  aggregated 
nearly  722,000  kilowatts;  practically  all  of  the  utility 
hydroelectric  output  in  1932  was  from  privately  owned 
utility  plants.""  This  great  development  by  private 
enterprise  had  taken  place  in  a  region  which  has  more 
than  15  i>ercent  of  the  national  bituminous  coal  re- 
serves in  only  6  percent  of  the  land  area;  and  it  took 
place  in  the  three  coal  States,  Mississippi  having  no 
hydro.  At  the  end  of  1937  the  total  hydroelectric  gen- 
erator capacity  of  the  utility  group  in  the  East  South 
Central  division,  publicly  owned  and  privately  owned, 
was  1,093,730  kilowatts.  Hydro  generators  having  an 
aggregate  capacity  of  348,000  kilowatts  had  been  in- 
stalled in  T.  V.  A.  plants  at  that  time,  100,000  in  Ten- 
nessee (Xorris)  and  248,000  in  Alabunia  (AVilson  and 
Wheeler).  Of  the  estinuited  additional  feasible  energy 
output  from  water  power  in  the  East  South  Central 
division,  only  about  one-third  is  in  approved  T.  V.  A. 
projects."' 

Kentucky  was  estimated  in  19;'>()  to  have  potential 
water  power  amounting  to  33G  thousand  horsepower 
available  90  percent  of  the  time  and  543  thousand 
horsepower  available  50  percent  of  the  time.  But  the 
Slate  also  has  huge  coal  reserves  and  a  large  coal  pro- 
duction. The  capacity  of  installed  water  wheels  at  the 
end  of  1937  aggregated  only  141,000  horsepower,  this 
total  being  about  the  same  as  that  at  the  end  of  1927. 
Almo.st  100  i^ercent  of  this  capacity  is  in  utility  plants; 
there  is  no  hydroelectric  capacity  in  publicly  owned 
plants  in  Kentucky.  Hydroelectric  generators  com- 
prised 31.2  percent  of  the  generator  capacity  of  utilities 
in  Kentucky  at  the  end  of  1937,  and  34.7  percent  of  the 
production  of  electricity  for  public  use  was  fi'om  hydro 
plants.  The  estimated  total  energy  output  from  water 
wheels  in  Kentucky  in  1937  was  about  309  million 
kilowatt-hours.  Estimated  feasible  output  from  inide- 
veloped  water  power  is  close  to  2.9  billion.  One  of  the 
projects  of  T.  V.  A.  (Gilbertsville)  is  near  Paducah; 
and,  distance  being  considered,  it  seems  possible  that 
some  Kentucky  power  requirements  might  eventually 
be  met  from  other  T.  V.  A.  works.  On  the  other  hand, 
some  of  the  potential  water  power  of  Kentucky  might 


eventually  have  a  bearing  on  reipiirements  in  southern 
Ohio  and  Indiana. 

Tennessee  water  power  was  estimated  in  1936  to  be 
1,280,000  horsepower  available  90  percent  of  the  time 
and  1,800,000  available  50  percent  of  the  time.  The 
total  water-wheel  capacity  in  Tennessee  at  the  end  of 
1937  was  423.000  horsepower,  about  75  percent  of  which 
was  in  utility  plants.  Hydroelectric  generators  at  the 
end  of  1937  comprised  more  than  60  percent  of  the  ca- 
pacity of  electric  utility  plants  in  Tennessee  and  pi-o- 
vided  about  59  percent  of  their  production.  The 
Census  of  Electrical  Industries  in  1932  showed  rela- 
tively minor  capacity  in  public  plants  in  Tennessee; 
nevertheless,  hydro  capacity  at  that  time  constituted 
practically  half  of  the  total  utility  capacity.  In  other 
words,  the  development  to  1932  was  almost  wholly  pri- 
vate. Even  in  1935  the  Power  Commission  showed  no 
large  public  plant  completed  there.^-  At  the  end  of 
1937,  however,  the  total  utility  hydro  generator  capacity 
in  Tennessee  was  318,850  kilowatts,  of  which  the 
T.  V.  A.  plant  at  Norris  Dam  had  100,000  kilowatts. 
Use  of  this  capacity  at  Xorris,  however,  is  planned  only 
in  terms  of  Xorris  Lake  as  primarily  a  storage  reservoir. 
Generators  there  will  be  used  when  water  is  being  re- 
leased for  downstream  maintenance  of  water  levels." 
Installations  were  made  at  Pickwick  Landing  in  1938. 

Feasible  output  from  undeveloped  water  power  in 
Tennessee  is  estimated  at  approximately  11.7  billion 
kilowatt-hours  annually.  The  estimated  total  energy 
output  of  all  water  wheels  in  1937  was  equivalent  to 
about  1.1  billion  kilowatt-hours. 

Tennessee  has  bituminous  coal  reserves  exceeding  25 
billion  tons,  and  there  are  far  greater  reserves  to  the 
north,  in  Kentucky,  and  to  the  south,  in  Alabama.  The 
maximum  annual  coal  production  of  Tennessee  was 
7,121,000  tons  in  1910.«'  During  the  "World  War  period 
coal  production  in  Tennessee  exceeded  6  million  tons  per 
year.  In  1937  the  total  was  5,292,000  tons.  The  coal 
fields  of  Tennessee  sprawl  across  the  State  in  a  north- 
east-southwest direction  not  far  west  of  Knoxville  and 
Chattanooga.  In  1935  there  were  seven  large  hydro- 
electric plants  in  or  near  the  Tennessee  coal  belt;  al- 
though all  were  interconnected,  only  two  were  in  direct 
combination  with  fuel  plants."''  Xoi-ris  Dam  (in  the 
coal  area)  was  not  completed  at  that  time.  In  other 
words,  private  industry  had  developed  these  large 
plants  in  or  very  near  the  coal   fields  of  Tennessee, 


<"  Census  of  Electrical  Industries  :  1932.  Central  Electric  Light  and 
Power  Stations,  pp.  32,  58-59. 

«■  Refer  to  table  A,  sheet  7,  and  table  B  in  Power  Survey,  BS8,  by  the 
Federal  Pcwer  Commission,  pt.  two.  sec.  II  of  this  volume. 


"=  Federal  Power  Commission,  'National  Power  Survey,  Interim  Re- 
port, I'ower  Series  No.  1  (1935),  map  facing  p.  6. 

"» Tennessee-Cumberland  Basin  Committee.  Jirainage  Basin  Committee 
Report  for  the  Tennessee  and  Cumberland  Ba-iins  (1937).  p.  7;  Annual 
Report  of  the  Tennensee  Valley  Authority  for  the  Fiscal  Year  Ended 
June  10.  /9.?1,  p.  9. 

»•  Minerals  Yearlook,  19S8,  p.  708. 

•^  Federal  Power  Commission,  -Vadonal  Power  Survey,  Interim  Re- 
port, I'ower  Series  No.  1  (1935).  map  facing  p.  6. 


254 


National  Resources  Committee 


presumably  with  only  the  purpose  of  power  produc- 
tion, and  without  the  great  advantage  of  storage  and 
controlled  release  of  water  provided  in  the  T.  V.  A. 
design. 

In  Alabama  the  potential  water  power  available  90 
percent  of  the  time  was  estimated  in  1936  at  880,000 
horsepower;  that  available  50  percent  of  the  time  at 
1,280,000.  As  shown  by  the  census  of  electrical  indus- 
tries, 64  percent  of  the  generator  capacity  of  electric 
power  utilities  in  Alabama  in  1932  was  hydroelectric. 
None  of  this  was  in  publicly  owned  plants.  At  the  end 
of  1937,  73  percent  of  the  generator  capacity  was  hydro 
and  nearly  87  percent  of  the  production  during  that 
year  was  hydroelectric.  Utility  hydroelectric  capacity 
reported  for  Alabama  at  that  time  amounted  to  669,730 
kilowatts ;  of  this,  248,000  belonged  to  the  T.  V.  A. 

Feasible  water  power  in  Alabama  is  estimated  to  be 
sufficient  for  annual  production  of  6.7  billion  kilowatt- 
hours.  The  actual  production  in  1937  was  about  2.4 
billion.  In  viewing  the  probable  future  development 
one  must  remember,  of  course,  that  Alabama  has  67 
billion  tons  of  bituminous  coal  reserves  and  a  large  coal 
production.  In  the  predepression  period  production 
ran  as  high  as  21  million  tons  a  year.  Since  1931  the 
level  has  been  only  8  to  9  million  tons.  The  larger 
pai-t  of  this  decline  presumably  is  related  to  depressed 
conditions.  But  undoubtedly  natural  gas  and  fuel  oil 
in  large  quantities  have  been  substituted  for  coal  in 
former  markets  of  Alabama  coal.  At  any  rate,  so  far 
as  concerns  the  use  of  coal  in  the  production  of  elec- 
tricity, one  must  observe  that  in  1932,  under  private 
business  enterprise,  nearly  two-thirds  of  the  generator 
capacity  was  hydro. 

Mississippi,  with  an  estimated  potential  of  124,000 
horsepower  90  j^ercent  of  the  time,  reports  no  water- 
power  plant  with  as  much  as  100  horsepower.  The 
State  has  no  coal,  and  its  total  production  of  elec- 
tricity in  1937  amounted  to  only  76.5  million  kilowatt- 
hours.  The  extension  of  transmission  lines  of  T.  V.  A. 
plants  into  Mississippi  may  lead  one  to  suppose  that 
the  production  in  Mississippi  represents  a  depressed 
condition  of  public  utilities  there.  Actually,  the  total 
annual  output  m  Mississippi  in  the  period  1926  to  1936, 
inclusive,  ranged  from  a  little  more  than  50  million 
kilowatt-hours  to  somewhat  more  than  68  million.^^ 
The  relatively  low  output  in  Mississippi,  of  course,  is 
related  to  the  high-capacity  ties  with  plants  (privately 
owned)  in  Tennessee,  Louisiana,  and  Alabama. 

West  North  Central 

Comprised  of  seven  States,  the  West  North  Central 
division  covers  more  than  17  percent  of  the  land  area 


"Edison  Electric  Institute,  Statistical  Bulletin  No.  i  (1937),  p.  37, 
and  Statistical  Bulletin  No.  5  (1938),  p.  29. 


of  the  country  and  had  10.8  percent  of  the  population 
in  1930.  Of  the  generator  capacity  of  utilities,  this  di- 
vision had  7.7  percent  at  the  end  of  1937.  At  the  same 
time,  it  had  only  4.7  percent  of  the  hydroelectric  capa- 
city of  utilities  and  only  4.9  percent  of  the  total  na- 
tional capacity  of  water  wheels.  It  has  only  about  3 
pei-cent  of  the  potential  water  power. 

Thus  the  West  North  Central  division,  in  terms  of 
both  size  and  population,  is  lacking  in  electric  power, 
in  hydro  capacity,  and  in  potential  water  power.  Very 
large  segments  of  this  region  are  characterized  by 
scarcity  or  com^Dlete  lack  of  fuel  resources,  and  scarcity 
of  water  resources  characterizes  most  of  it.  The  area 
reported  13,297,000  people  in  1930  and  had  experienced 
a  population  growth  of  6  percent  from  1920  to  1930. 

Missouri  has  large  bituminous  coal  reserves  in  the 
western  part  of  the  State,  and  St.  Louis  and  other 
load  centers  in  the  eastern  part  have  ready  access  to 
Illinois  coal.  In  spite  of  this  relatively  favorable  posi- 
tion with  respect  to  coal,  Missouri  showed  an  increase 
of  198,000  horsepower  in  installed  water  wheels  in  1931, 
the  increase  being  made  by  privately  owned  utilities. 

Iowa  also  has  substantial  coal  reserves ;  and  her  east- 
ern centers,  like  those  of  Missouri,  have  ready  access  to 
Illinois  coal.  Nevertheless,  a  fifth  of  the  State's  util- 
ity generator  capacity  is  hydro,  and  38  percent  of  the 
utility  output  of  electricity  in  1937  was  from  hydro- 
electric generators.  The  hydro  capacity  is  largely  in 
the  eastern  part  of  the  State;  the  great  plant  at  Keo- 
kuk, constituting  a  major  jiart  of  the  total,  is  con- 
nected to  the  St.  Louis  district.  Although  the  Keokuk 
plant  is  connected  northwestward  with  Iowa  points 
and  northeastward  with  Illinois  points,  its  higher  ca- 
pacity interconnections  reach  southward  to  the  St. 
Louis  metropolitan  area.  There  has  been  a  slight  de- 
cline in  Iowa's  water-wheel  capacity  in  recent  years, 
but  the  decline  in  coal  i^roduction  has  been  vastly  more 
significant. 

Kansas  and  the  Dakotas  have  negligible  water 
power.  Kansas  has  coal  reserves  somewhat  larger  than 
those  of  Iowa,  located  in  the  eastern  part  of  the  State. 
Western  Kansas  is  closer  to  Colorado  coal.  North  Da- 
kota has  huge  lignite  reserves.  South  Dakota  has  a 
small  share  of  the  lignite  beds,  in  the  northwestern 
part  of  the  State. 

One-fourth  of  Minnesota's  utility  generator  capacity 
at  the  end  of  1937  was  hydro,  and  over  35  percent  of 
the  utility  output  of  electricity  in  1937  was  from 
hydroelectric  generators.  Estimated  use  of  water 
power  in  Minnesota  in  1937  was  equivalent  to  706  mil- 
lion kilowatt -hours.  A  feasible  additional  total  of  989 
million  is  estimated.  The  total  water-wheel  capacity 
in  Minnesota,  however,  was  noticeably  less  at  the  end 
of  1937  than  it  was  at  the  end  of  1928.     It  may  be  well 
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to  note  that  the  handicap  related  to  tlie  remoteness  of 
Minnesota  from  large  fuel  reserves  is  in  part,  at  least, 
offset  by  the  need  of  returnin<2:  ore  boats  for  back  load. 
A  very  considerable  portion  of  Minnesota's  fuel  supply 
arrives  by  lake  boats,  being  drawn  from  the  Appala- 
chian fields." 

The  estimated  energy  output  of  water  wheels  in  Ne- 
braska in  1937  was  about  42  million  kilowatt-hours. 
Feasible  output  from  undeveloped  water  power  is  esti- 
mated by  the  Federal  Power  Conunission  at  31G  mil- 
lion, in  the  Platte  Basin. 

A  program  for  irrigation  and  power,  under  what  is 
refeiTed  to  as  Nebraska's  little  T.  V.  A.,  embraces  the 
idea  of  a  widely  interconnected  system,  with  fuel  plants 
included.  The  plan  has  been  broadened  to  include  the 
purchase  of  the  privately  owned  utilities  affected.  In 
the  discussion  related  to  this  effort  of  Nebraska,  at- 
tention has  been  drawn  not  merely  to  the  problem  of 
dealing  with  the  private  utilities  but  also  to  need  of 
assurances  (a)  to  farmers,  regarding  water  for  irriga- 
tion, (6)  to  consumers,  regarding  probable  rates,  and 
(c)  to  cities,  regarding  their  possible  loss  of  tax 
revenue. 

This  effort  of  Nebraska  represents  the  most  advanced 
State  action  yet  occurring  in  the  development  of  water 
resources.  The  effectiveness  within  Nebraska  of  regu- 
lation of  the  Platte  will  depend  appreciably  on  head- 
water controls  in  Wyoming  and  Colorado;  and  the  to- 
tal extent  and  character  of  controls  exercised  by  these 
three  States  bear  on  the  regidation  of  the  Missouri  and, 
hence,  of  the  Mississippi.  The  plan  definitely  illus- 
trates both  the  possibility  of  State  action  and  the  neces- 
sity of  interstate  cooperation  and  Federal  coordination. 

In  viewing  the  enei-gy  resources  and  energy  require- 
ments of  the  West  North  Central  division,  one  nuist 
keep  in  mind  the  material  difference  between  the  four 
States  in  the  western  tier  and  the  three  in  the  eastern 
tier. 

The  shortage  of  water  and  the  ravages  of  erosion  in 
much  of  the  western  part  of  this  division  are  well  recog- 
nized."' Although  many  people  have  left  the  area  and 
many  more  may  have  to  do  so,  nevertheless  we  have  to 
face  the  obvious  fact  that  we  have  not  developed  social 
tecluiiques  for  moving  large  populations  or  for  facili- 
tating their  voluntary  migration.  Adaptations  of  agri- 
cultural methods,  with  special  regard  for  plant  growth 
that  will  cover  and  bind  the  soil,  may  offer  substantial 


"Fritz  and  Veenstra,  op.  cit.,  p.  87. 

™  Natioii.Tl  Resources  Committee,  Drainage  Basin  Problems  and  Pro- 
grams, 1936  edition,  pp.  59-60,  and  1937  revision,  pp.  31-33.  For  an 
excellent  brief  high-lighting  of  the  "dust  bowl."  see  Kimniel,  Roy  I., 
"A  United  Front  to  Reclaim  the  Dust  Bowl,"  yew  Yorli  Times  Mag- 
azine, .\ugust  14,  1938.  Refer  also  to  Lord,  Russell,  To  Hold  this  Soil, 
U.  S.  Department  of  Agriculture,  Miscellaneous  Publication  No.  321 
(1938),  pp.  63-80.  See  Webb,  Walter  Prescott,  The  Great  Plains,  Ginu 
and  Company.  1931,  especially  eh.  VIII,  'The  Search  for  Water  in  the 
Great  Plains." 


promise  in  the  "dust  bowl."  But  integral  with  any  plan 
of  salvation  for  the  region  is  control  of  water  resources 
so  that  the  area  may  make  the  most  of  the  relatively 
scant  and  irregular  water  supply.  Flood  control  is  a 
major  need  for  some  portions  of  the  area.  Irrigation 
is  a  major  need  for  large  portions,  often  in  the  same 
areas  which  have  major  flood  problems.  The  rainfall 
is  so  irregular  that  successful  dealing  with  flood  prob- 
lems necessitates  storage  relatively  large  in  comparison 
with  the  annual  rainfall.  The  dry  seasons  are  of  such 
length  and  often  of  such  severity  that  a  consistent  irri- 
gation program  is  impossible  without  large  storage 
which  will  not  merely  retard  runoff  in  the  wet  seasons 
but  will  also  hold  the  water  for  later  use.  In  such  a 
program,  production  of  power  must  often  be  controlled 
by  the  primary  purpose  of  irrigation;  but  the  large 
controlled  release  during  the  dry  seasons  may  provide 
substantial  power. 

In  the  eastern  part  of  the  West  North  Central  division 
there  are  likewise  large  sections  faced  with  flood-control 
pi-oblems.  In  that  area,  however,  the  accompany- 
ing problem,  instead  of  irrigation,  is  stream  pollution. 
Moreover,  whether  for  good  or  ill,  the  development 
of  affairs  has  been  such  as  to  hook  with  these  other 
water  problems  the  provision  of  navigation  facilities 
in  the  larger  rivers.  Thus,  although  the  requirements 
are  different,  the  eastern  tier  of  States,  like  the  western, 
has  need  of  significant  woi'ks  that  provide  water  storage 
and  controlled  release  of  water.  One  other  major  dif- 
ference, however,  should  be  noted :  release  of  water  in 
the  western  tier  of  these  States  is  necessarily  tied  to  the 
agricultural  seasons ;  on  the  other  hand,  release  of  water 
in  the  eastern  tier  is  not  so  tied  to  the  agricultural  re- 
quirement and,  therefore,  may  be  more  nearly  regular- 
ized throughout  the  year.  Such  regularized  release 
holds  promise  of  firm  water  power  enough  to  be  quite 
significant  in  an  area  having  so  scant  a  supplj^  of 
energy  resources  and  so  substantial  a  requirement  for 
energy. 

West  South  Central 

This  region,  composed  of  Arkansas,  Louisiana,  Okla- 
homa, and  Texas,  is  in  general  relatively  lacking  in 
potential  water  power.  The  four  States  together  in- 
clude 14.5  percent  of  the  land  area  and  in  1930  had  9.9 
percent  of  the  population.  They  have  only  1.8  percent 
of  the  water  power  and  less  than  1  percent  of  the  water- 
wheel  capacity.  In  1937,  these  four  States  produced 
nearly  66  percent  of  the  national  output  of  oil  and 
around  62  percent  of  the  natural  gas.  Oklahoma, 
Arkansas,  and  Texas  together  produced  also  around 
4  million  tons  of  coal  in  1936.  Far  the  greater  present 
dependence  for  energy,  however,  is  on  oil  and  gas,  the 
present  aspect  of  energy  use  in  these  States  being  tre- 


256 


National  Resources  Committee 


mendously  affected  by  the  vigorous  exploitation  of  oil 
and  gas  resources. 

Arkansas  is  estimated  to  have  feasible  undeveloped 
water  jjovrer  enough  for  an  annual  production  of  nearly 
2.3  billion  kilowatt-houi-s.  The  estimated  total  output 
from  water  wheels  in  1937  was  151  million.  Even  this 
relatively  low  degree  of  development  produced  54.5 
percent  of  the  utility  output  of  electricity  in  Arkan- 
sas. It  should  be  observed,  however,  that  Arkansas  has 
high-caiJacitj'  transmission  ties  to  fuel  plants  in  Ten- 
nessee and  Louisiana.  Arkansas  produced  1.6  million 
tons  of  coal,  10.5  million  barrels  of  oil,  and  8.5  billion 
cubic  feet  of  natural  gas  in  1936.  Estimated  bitumi- 
nous coal  reserves  aggregate  nearly  1.3  billion  tons; 
and  anthracite  reserves  total  223  million.  If  consid- 
ered on  a  strictly  power  basis,  water  resources  there 
might  remain  largely  undeveloped,  at  least  until  after 
the  exploitation  of  oil  and  gas  in  Arkansas,  Louisiana, 
and  east  Texas  had  slowed  down.  But  one  may  doubt 
that  the  increasing  pressure  of  other  water  problems 
will  permit  ignoring  the  rivers.  The  Blakely  Mountain 
project,  authorized  in  1938,  reiDresents  a  combination 
l^lan  of  public  participation  in  private  development 
for  the  purpose  of  attaining  the  combined  objectives 
of  flood  control,  navigation,  and  jDower  production. 

In  Louisiana,  oil  production  in  1937  amounted  to 
91,000,000  barrels;  natural  gas  production,  315  billion 
cubic  feet.  Both  oil  and  gas  exploration  and  produc- 
tion expanded  in  1937.  No  water  wheels  are  reported 
for  the  State.  The  larger  water  problem  consists  in 
finding  ways  to  get  rid  of  water  faster.  The  Federal 
Power  Commission  estimates  feasible  water  power 
enough  to  produce  more  than  1  billion  kilowatt-hours 
annually.  Problems  of  flood  control  loom  so  large, 
however,  as  to  necessitate  their  being  emphasized  in 
any  water-control  plan.'^^ 

Oklahoma  is  estimated  to  have  feasible  potential 
water  power  sufficient  to  produce  close  to  1.6  billion 
kilowatt-hours  annually.  Hydroelectric  generators 
supplied  a  negligible  proportion  of  her  utility  outjjut 
of  electricity  in  1937.  There  was  reported  production 
of  229  million  barrels  of  oil  and  336  billion  cubic  feet 
of  natural  gas  in  1937.  When  the  supply  of  cheap  oil 
and  gas  has  become  restricted,  Oklahoma  will  still  have 
large  coal  reserves,  aggi-egating  54.8  billion  tons,  to 
draw  upon.  Although  there  may  be  eventual  develop- 
ment of  considerable  water  power,  the  problems  of  flood 
and  drought  are  likely  to  be  of  primary  significance  in 
the  development  of  water  resources  in  that  area.  Plans 
for  such  development  inevitably  involve  the  interests 
of  neighboring  States.'" 


Estimated  energy  output  of  water  wheels  in  Texas 
Mas  about  110  million  kilowatt-hours  in  1937.  Feasible 
output  from  undeveloped  water  power  in  the  State  is 
estimated  at  more  than  1  billion  kilowatt-hours  annu- 
ally. Electric  utility  plants  there  in  1937  used  635,000 
tons  of  coal  and  lignite  and  336,000  barrels  of  fuel  oil; 
but  their  main  fuel  was  42.8  billion  cubic  feet  of  natural 
gas.  There  are  some  developments  of  water  resources 
under  way,  mainly  on  the  Colorado  River,  and  others 
are  discussed.  But  the  aggregate  expectation  of  water 
power  is  not  large  relative  to  the  State's  power  re- 
quirements. Flood  control  is  a  problem  in  much  of  the 
State's  area;  and  irrigation  and  storage  of  water  for 
livestock  are  important  problems  in  the  middle  and 
western  part  of  Texas.  The  Texas  Planning  Board, 
although  doubtful  of  the  competitive  feasibility  of  some 
of  the  power  developments  proposed  in  connection  with 
the  Colorado  and  Brazos  projects,  nevertheless  points 
out  the  substantial  possibilities  in  those  projects  of 
l^ower  for  jaeak  loads." 

Mountain  Division 

The  ^fountain  division  is  far  the  largest  of  the  census 
groupings  of  States,  including  nearly  29  percent  of  the 
national-land  area.  Of  the  estimated  water  power 
available  90  percent  of  the  time,  as  estimated  by  the 
Geological  Survey  in  1936,  the  portion  in  the  Mountain 
division  amounted  to  10,775,000  horsepower,  or  one- 
fourth  of  the  national  total.  According  to  the  recent 
estimates  by  the  Power  Commission,  about  22  percent 
of  the  undeveloped  water  power  of  the  country  is  lo- 
cated in  that  region.  The  area  has  only  3  percent  of 
the  population,  however.  Coal  reserves  in  the  Moun- 
tain division  in  1928  were  estimated  at  353  billion  tons 
of  bituminous,  765  billion  tons  of  subbituminous,  and 
315  billion  tons  of  lignite.  If  all  gi-ades  of  black  coal 
and  brown  coal  are  considered  in  terms  of  B.  t.  u.,  these 
reserves  constitute  about  42  percent  of  the  national  total. 
Tliis  group  of  States  has  perhaps  5  or  6  percent  of  the 
oil  reserves  and  2  or  3  percent  of  the  gas  reserves. 

Almost  the  same  in  area  as  the  whole  territory  east 
of  the  Mississi^^pi,  the  Mountain  division  is  somewhat 
below  the  national  average  in  potential  water  power  per 
square  mile  but  much  above  the  national  average  in  coal 
reserves  (considered  on  a  B.  t.  u.  basis) .  Both  the  coal 
and  the  potential  water  power  are  very  unevenly  dis- 
tributed. Moreover,  in  far  the  larger  part  of  that  huge 
area  a  major  fight  is  with  desert  or  semidesert  condi- 
tions, and  a  persistent  water  problem  hinges  about 
irrigation  and  the  related  requirement  of  power  for 
pumping. 


"•  National  Resources  Committee,  Drainage  Basin  Proilems  and  Pro- 
grams (1937  Revision),  pp.  37,  69-75. 
'"Ibid.,  pp.  33-35. 


"  Texas    State    rianning    Board,    Markets    for    Texas    Hydroelectric 
Power  (1937),  pp.  2-5. 
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Industrial  use  of  power  in  the  Mountain  division 
relates  largely  to  the  minerals  industries.  Far  the 
larger  part  of  our  copper  production  is  from  States  in 
this  group.  More  than  half  of  the  lead  output,  close 
to  one-third  of  the  zinc,  something  like  two-thirds  of 
the  silver,  and  close  to  half  of  the  gold  (exclusive  o'f 
Alaska  and  the  Philippines)  also  come  from  the  Moun- 
tain division.  New  Mexico  is  one  of  the  two  principal 
States  for  potash.  Phosphate-rock  deposits  of  huge 
proportions  are  found  in  Idaho  and  lesser  but  impor- 
tant additional  amounts  in  neighboring  Statcs." 

The  basic  necessity  of  phosphate  in  agricidture  and 
the  limited  reserves  in  chief  producing  States  (Florida 
and  Tennessee)  have  already  brought  the  problem  of 
developing  western  deposits  to  the  attention  of  the 
Congress." 

Copper  production  in  the  Mountain  States  is  an  in- 
dustry of  great  magnitude.  World  production  and 
market  conditions  are  such  as  to  cause  great  instability. 
Revival  of  the  world  copper  market  depends  on  revival 
of  capital-goods  industries.  One  need  not  discount  too 
mucli  the  importance  of  cheap  power  in  the  West,  but 
the  hazard  of  great  instability  to  workers  and  capital 
in  the  industry  would  hardly  be  removed  by  the  tem- 
porary stimulus.  Both  recognition  of  possibly  more 
limited  outlook  in  capital-goods  development  and  resort 
to  international  action  seem  to  be  required  before  any 
genuinely  stabilizing  result  may  be  expected.  Cheaper 
power,  with  inducement  toward  conservation,  however, 
might  aid  in  the  development  of  lower-grade  uses  and 
reduce  the  threat  to  our  limited  deposits  of  high  grade.'* 

Arizona  was  estimated  by  the  (Geological  Survey  in 
1936  to  have  water  power  available  90  i)ercent  of  the 
time  in  the.  amount  of  3,710,000  horsepower.  With  3.8 
percent  of  the  land  area  and  only  four-tenths  of  1  per- 
cent of  the  population,  the  State  had  8.7  percent  of  the 
comparable  national  total  of  pot'.Mitial  water  power. 
Allocation  of  potential  water  power  in  these  estimates, 
of  course,  is  in  terms  of  the  location  of  existing  and 
probable  power  sites.  Use  of  a  very  large  block  of 
power  from  the  Colorado  River  is  allocated  to  Cali- 
fornia. The  gi-owth  in  the  use  of  v>ater  power  in  Ari- 
zona is  reflected  by  the  following  totals  of  water-wheel 
capacity  for  specified  years:  1921,  39,000;  1925,  49,000; 
1927,  59,000;  1928, 104,000;  1930,  120,000;  1931.  137,000; 
1937,  193,000.    This  development  has  been  largely  by 


■^ilinernU  Yearhook,  I'JSS,  pp.  58,  85.  117.  HI.  1172.  1240.  The 
production  record  of  the  several  important  minerals  over  a  long  period 
Is  considered  in  National  Resources  Committee,  Mineral  Reserves  of 
the  United  States  and  Its  Capacity  for  I'mductinn  (1936),  a  report 
prepared  b.v  Kenneth  Leith  and  Donald  M.  Liddell  for  The  Planning 
Committee  for  Mineral  Policy. 

"  Seventj'-sixth  Cong.,  1st  sess.,  Senate  Doeumcnt  A'o.  il. 

"Ct.  A'otional  Resources  Board,  Report,  December  SI,  ISH,  pp. 
408-11. 
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public  or  cooperative  agencies,  about  95  i>ercent  of  the 
hydroelectric  generator  capacity  at  the  end  of  1937  be- 
longing to  the  United  States  Bureau  of  Reclamation, 
the  United  States  Indian  Irrigation  Service,  and  the 
Salt  River  Valley  Water  Usei-s  Association.  The  rela- 
tively gicat  importance  of  power  for  pumping  water 
for  irrigation  is  reflected  in  the  agencies  of  develop- 
ment. 

Water-driven  generators  constituted  56.3  percent  of 
the  utility  generator  capacity  in  Arizona  at  the  end  of 
1937  and  provided  58.7  percent  of  the  output  of  elec- 
tricity. Fuel  plants  used  oil  or  gas,  a  total  of  more  than 
one-half  million  barrels  of  fuel  oil  and  1.8  billion  cubic 
feet  of  natural  gas  being  used  by  Arizona  utility  plants 
in  1937.  The  capacity  of  generators  in  fuel  plants  was 
98,487  kilowatts.  Of  this  total,  generators  driven  by 
internal  combustion  engines  aggregated  25,835  kilo- 
watts. When  use  of  fuel  oil  in  Diesel  engines  is  allowed 
for,  the  comparatively  large  dependence  of  steam  plants 
on  natural  gas  is  apparent.  Moderate  reserves  of  low- 
grado  bituminous  coal  exist  in  the  northeastern  part  of 
the  State;  but  little  jiroduction  is  reported. 

Because  of  the  developments  on  the  Colorado  River, 
the  relative  significance  of  water  power  among  the 
sources  of  energy  no  doubt  will  be  considerably  in- 
creased within  a  few  years.  Although  Arizona,  in  com- 
mon with  a  number  of  the  other  western  States,  makes 
extensive  use  of  power  in  the  mining  industry,  it  is  ex- 
pected that  very  substantial  blocks  of  power  from  the 
Colorado  River  will  be  used  in  pumping  for  irrigation. 
Of  the  available  prime  power  at  Boulder,  Arizona  has 
an  option  on  18  percent,  under  existing  allocations. 
Such  allocation  amounts  initially  to  765  million  kilo- 
watt-hours annually;  the  estimated  energy  output  of  all 
water  wheels  in  Arizona  in  1937  was  around  422  million. 
Although  prospective  loads  in  most  of  Arizona  may  not 
be  such  as  to  justify  very  high  voltage  lines  from 
Boulder  Dam,  it  is  probable  that  much  power  will  be 
taken  from  there,  largely  for  irrigation,  but  also  for 
minerals  industries.  Substantial  additional  power  is 
available  in  tlie  Gila  River  Basin  and  in  the  Little 
Colorado. 

Idaho  is  second  among  the  Mountain  States  in  the 
1936  estimate  of  potential  water  power.  Recent  esti- 
mates of  the  Power  Commission  on  feasible  unde- 
veloped power  place  Idaho  far  above  the  other  States 
of  that  group,  llie  change  represents  largely  the  effect 
of  developing  plans  for  the  Snake  River  Basin.  Esti- 
mated total  production  at  hydroelectric  plants  in  that 
State  in  1937  was  less  than  one  billion  kilowatt-hours.- 
Estimated  feasible  output  from  undeveloped  water 
power  is  19.9  billion.  Utility  output  there  is  prac- 
tically 100  percent  hydro,  and  only  one-tenth  of  the 
hydro  capacity  in  Idaho  is  Federal  and   municipal. 
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Most  of  the  iDi-esent  capacity  of  hydroelectric  plants  had 
been  developed  by  1928. 

Idaho  has  relatively  small  coal  reserves.  The  hydro- 
electric capacity,  however,  is  sufficient  to  provide  large 
amounts  of  surplus  power  for  consumption  outside  the 
State,  especially  in  Utah.  The  larger  water-power 
plants,  which  are  in  the  southeastern  part  of  Idaho,  are 
tied  to  the  Salt  Lake  City  area." 

The  constitution  of  the  State  of  Idaho  provides  that 
first  claim  on  water  in  the  State  shall  be  given  to  irri- 
gation; and  there,  as  in  other  Western  States,  the  re- 
quirement of  water  for  agricultural  purposes  must  be 
considered  in  determining  the  pattern  of  release  o:^ 
water  for  power  production.  The  comprehensive  plan 
being  considered,  especially  for  the  Snake  River  and  its 
ti  ibutaries,  embrace  provision  for  flood  control,  irriga- 
tion, and  power  production,  the  possibility  of  the  latter 
being  large  in  spite  of  the  agi-icultural  limitation.  The 
Pacific  Northwest  Regional  Planning  Commission 
visualizes  not  only  the  high-voltage  tie  with  the  Salt 
Lake  region  of  Utah  but  also  a  high-capacity  tie  west- 
ward with  the  Columbia  Basin  plants  and  northward 
to  Great  Falls.""  Except  for  irrigation,  largely  in  the 
Snake  River  Basin,  and  lumbering  in  the  timbered 
northern  section,  the  probable  Idaho  market  seems  to 
relate  largely  to  the  minerals  industry.  Special  at- 
tention, as  we  have  noted  above,  is  being  given  to  the 
development  of  phosphate,  of  which  Idaho  has  large 
deposits.  A  line  of  220,000-volt  capacity  from  the  Co- 
lumbia project  to  reach  the  phosphate  fields  of  south- 
eastern Idaho  was  recommended  by  the  late  Admin- 
istrator of  the  Bonneville  project." 

Utah  is  estimated  to  have  feasible  undeveloped  water 
power  enough  for  an  annual  output  of  close  to  8.3 
billion  kilowatt-hours.  The  estimated  output  of  water- 
power  i^lants  in  1937  aggregated  only  299  million 
kilowatt-hours,  only  a  small  part  of  the  total  water- 
wheel  capacity  being  outside  utility  plants.  About  58 
percent  of  the  production  of  electricity  in  Utah  is  from 
water  power;  but  the  very  large  importation  of  power 
from  Idaho,  where  the  production  is  almost  totally 
hydro,  means  that  Utah  has  a  much  higher  ratio  of 
dependence  on  water  power  than  that  indicated  by  pro- 
duction in  the  State. 

Coal  reserves  in  Utah  aggi'egate  93  billion  tons, 
mostly  bitmninous.  Producing  fields  are  near  the  mid- 
dle of  the  State;  additional  reserves  are  in  the  south- 
western   quarter.     Coal   production    in    predepression 


■"^  Federal  Power  Commission,  National  Power  Survey,  Interim  Re- 
port, Power  Series  No.  1  (1935),  map  facing  p.  6. 

™  National  Resources  Committee,  Regional  Planning,  Part  1 — Pacific 
Northwest,  map  facing  p.  40. 

■"  U.  S.  Department  of  tlie  Interior,  The  Bonneville  Project,  Bulletin 
No.  31,  January  20,  1930. 


yeai's  averaged  between  4  and  5  million  tons,  falling 
considerably  below  3  million  in  the  depression  years. 
About  42  percent  of  the  utility  production  of  electricity 
in  the  State  is  from  fuel,  largely  coal.  The  power  lines 
in  the  Salt  Lake  City  area  link  fuel  and  hydro  plants, 
including  large  hydro  plants  in  southeastern  Idaho. 

The  larger  uses  of  power  in  Utah  are  in  the  minerals 
industry,  which  in  very  considerable  part  is  concen- 
trated in  Salt  Lake  County  and  a  few  neighboring 
counties.  Power  possibilities  in  that  portion  of  the 
State  are  partly  in  rivers  emptying  into  Great  Salt 
Lake,  but  mostly  in  the  Green  River.  The  Planning 
Board  considers  large-scale  develoi^ment  on  the  Green 
River  to  be  the  most  promising  likelihood  for  the  north- 
eastern section  of  the  State.  The  transmission  distances 
and  some  of  the  development  problems,  however,  are 
such  tliat  the  Planning  Board  also  has  given  serious 
consideration  to  production  of  power  from  coal.'*  The 
power  possibilities  on  the  Colorado  River  in  Utah  ai'e 
in  the  southern  part  of  the  State,  rather  distant  from 
that  part  of  the  State  in  which  the  more  important  loads 
are  located. 

Feasible  undeveloped  water  power  in  Montana  is  es- 
timated to  be  sufficient  for  an  output  of  close  to  10.3 
billion  kilowatt-hours  annually.  In  1937,  total  hydro 
output  in  the  State  approximated  1.3  billion  kilowatt- 
hours.  In  considering  the  latitude  for  possible  ex- 
jDansion  of  water  power,  it  is  necessary  to  keep  in  mind 
that  Montana  has  substantial  deposits  of  low-grade 
bituminous  coal  and  huge  amounts  of  lignite.  At  pres- 
ent, the  electrical  utilities  make  little  use  of  the  avail- 
able fuel,  98  percent  of  the  output  of  electricity  in  that 
State  in  1937  being  from  hydroelectric  generators. 
Practically  all  the  use  of  water  power  is  in  privately 
owned  utility  plants.  In  other  words,  private  business 
has  preferred  water  power  over  fuel  for  the  production 
of  electricity  in  Montana. 

In  1929  a  total  of  402,000  horsepower  of  prime  movers 
and  motors  driven  by  purchased  energy  was  reported 
for  manufacturing  and  mining  in  Montana.  Of  this 
total,  347,000  horsepower  was  in  the  form  of  motors 
driven  by  purchased  energy.  Thus,  the  dependence  of 
industry  on  electricity,  and,  therefore,  on  water  power, 
is  very  marked.  Further  development  for  outright  in- 
dustrial reasons  no  doubt  depends  much  on  the  turn 
of  events  in  the  copper  industry.  It  seems  likely,  how- 
ever, that  the  scarcity  of  water  for  agricultural  pur- 
poses, coupled  with  the  rather  paradoxical  plagjLie  of 
floods  in  a  generally  arid  section,  will  lead  to  some 
development  of  the  multiple-purpose  type  in  Montana. 


™TJtah  State  Planning  Board.  Mineral  Industries  Survey  (1935)  and 
Preliminary  Statement  Concerning  Possible  Sources  of  Low-Cost  Power 
for  Salt  Lake  Region   (1935). 
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Perliaps  the  purposes  of  the  Fort  Peck  project,  now 
related  mainly  to  navigation  in  the  Missouri  River,  will 
need  to  be  broadened  in  terms  of  requirements  in  areas 
closer  to  the  project. 

Colorado  was  estimated  in  1936  to  have  potential 
water  power  aniouiitiiifr  to  647,000  horsepower  available 
90  percent  of  the  time.  In  terms  of  area,  the  estimate 
is  far  below  the  national  average;  the  average  per 
capita,  however,  is  substantially  above  the  national 
average.  Eegarding  feasible  development  with  regu- 
lation of  stream  flow,  a  major  difficulty  in  Colorado  is 
related  to  the  finding  of  reservoir  space  in  the  steep, 
narrow  canyons.  Another  limitation  on  power  develop- 
ment rests  in  the  necessity  of  using  considerable  por- 
tions of  the  available  water  for  irrigation,  that  use 
necessarily  governing  the  timing  of  much  of  the  release 
of  water  where  storage  is  developed.  A  further  major 
difficulty  lies  in  the  fact  that  an  important  part  of  the 
water  is  separated  by  the  mountains  from  the  larger 
power  load  and  irrigation  needs.  Plans  for  trans- 
moiuitain  diversion  have  received  earnest  consideration, 
and  one,  the  Colorado-Big  Thompson  diversion,  is 
under  way.  Both  important  power  output  and  a  very 
significant  lift  for  agriculture  under  irrigation  are 
believed  to  be  possible  througli  such  diversion.'" 

At  the  end  of  1937  Colorado  had  105,000  horsepower 
of  water-wheel  capacity.  Far  the  larger  share  of  this 
total  appeared  before  1921.  About  one-fourth  of  the 
generator  capacity  of  utilities  in  Colorado  at  the  end  of 
1937  was  hydro. 

Coal  reserves  in  Colorado  aggregate  more  than  300 
billion  tons,  about  two-thirds  being  bituminous  and, 
roughly,  one-third  subbituminous.  The  State  also  has 
some  anthracite  deposits.  Coal  production  there  reached 
a  maximum  of  12,483,000  tons  in  1917;  in  1929  the  total 
was  below  10  million.  Oil  production  is  relatively 
small.  For  natural  gas,  the  State  has  a  trunk  lino 
reaching  from  the  Texas  Panhandle  fields,  and  utility 
plants  in  Colorado  consumed  476  million  cubic  feet  of 
natural  gas  in  1937.  Their  main  dependence,  however, 
is  still  on  coal. 

Wyoming  was  estimated  in  1936  to  have  potential 
water  power  of  571,000  horsepower  available  90  percent 
of  the  time.  The  amount  per  square  mile  is  compara- 
tively low;  in  view  of  the  sparse  population,  the  per 
capita  is  comparatively  high.  Only  a  small  portion  of 
the  available  water  iDower  in  Wyoming  is  in  use,  the 
aggregate  capacity  of  installed  water  wheels  at  the  end 
of  1937  being  only  24,000  horsepower,  nearly  all  in 
utility  plants.  Hydroelectric  generators  constituted  30 
percent  of  the  electric  utility  generator  capacity.  The 
reports  for  manufacturing  and  mining  in  1929  showed 


only  98,000  horsepower,  including  about  41,000  horse- 
power of  motors  driven  by  purchased  energy.  The 
aggregate  use  of  power,  in  other  words,  is  at  relatively 
low  stage  in  Wyoming.  In  view  of  the  floods  and  the 
aridity,  power  production  will  necessarily  be  largely 
controlled  by  the  main  considerations  of  flood  control 
and  irrigation. 

At  the  end  of  1937  approximately  one-ninth  of  the 
fuel-driven  generator  capacity  in  Wyoming  was  pow- 
ered by  internal-combustion  engines,  which  appear  to 
be  especially  adaptable  to  small-plant  use.  In  the 
steam  plants,  although  there  was  substantial  use  of 
natural  gas,  the  main  dependence  was  on  coal.  In 
time,  as  rising  price  of  fuel  oil  may  necessitate,  the 
State  can  turn  more  to  the  large  subbituminous  coal 
deposits.  But  it  must  be  noted  that,  even  for  that  re- 
course, limited  availability  of  condensing  water  will 
constitute  a  hurdle. 

Nevada's  share  of  feasible  undeveloped  water  power 
is  estimated  (o  lie  enough  to  generate  2.6  billion  kilo- 
watt-hours annually.  Output  of  water  wheels  in  1937 
is  estimated  at  1.1  billion.  A  large  part  of  the  produc- 
tion at  Boulder  Dam  will  be  used  by  southern  Cali- 
fornia. Nevada's  prospective  use  of  power  is  relatively 
minor  in  comparison  with  its  nominal  quota  of  poten- 
tial power  or  of  production.  Like  Arizona,  Nevada 
has  an  option  on  18  percent  of  the  firm  power  at 
Boulder.  The  allocation,  aggregating  765  million  kilo- 
watts, is  four  and  one-half  times  the  amount  of  elec- 
trical energy  used  in  the  State  in  1935.  The  larger 
hope  for  use  of  that  vastly  increased  power  is  in  min- 
erals industries.*"  Most  of  the  State  lies  in  the  Great 
Basin,  which  is  notably  arid.  In  the  main,  the  streams 
in  the  Great  Basin  are  rather  fully  appropriated.  Pro- 
vision of  numerous  reservoirs  for  stock  watering  hag 
been  proposed  for  the  huge  area  fit  only  for  limited 
grazing.  In  parts  of  the  Great  Basin  surface  water  is 
too  scarce  even  for  that,  although  to  some  extent  an 
alternative  exists  in  drilling  for  ground  water.*^ 

New  Mexico  has  very  little  water  power  and  only 
minor  hydroelectric  development.  Some  possibilities 
on  the  upper  Rio  Grande  are  indicated,  under  the 
pending  agreement  with  Texas  and  Colorado  on  devel- 
opment and  division  of  the  water  resources.  But  the 
agreement,  related  to  scarce  water,  probably  will  con- 
cern in  considerable  part  agriculature,  rather  than  in- 
dustrial power.  Adequacy  of  power  for  potash  pro- 
duction, however,  is  of  sufficient  special  national  im- 
portance to  warrant  close  attention  to  water  power 
resources  of  New  Mexico. 


™  Colorado    State    Planning    Commission,    Development    of    Electric 
Power  Industry  in  Colorado  (1938),  Fo;eworcl  and  pp.  HS- :;0. 


» Nevada  State  Planning  Board,  Eleetric  Power  in  Nevada  (1937), 
pp.  88,  91. 

»i  National  Resources  Committee,  Drainage  Basin  Problems  and  Pro- 
grams (1937  revision),  pp.  43-45. 
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Pacific  Division 

The  tlu-ee  States,  Washington,  Oregon,  and  Califor- 
nia, according  to  the  1936  estimates,  had  over  41  per- 
cent of  the  country's  water  power,  aUhough  they  have 
together  less  than  7  percent  of  the  population  and  only 
10.7  percent  of  the  land  area.  The  aggregate  of  esti- 
mated potential  water  power  in  this  group  in  1936  was 
17,734,000  horsepower  available  90  percent  of  the  time. 
The  average  water  power  per  square  mile  is  only  a  little 
short  of  four  times  the  national  average;  the  average 
per  capita,  in  terms  of  1930  population,  is  more  than 
six  times  the  national  per  capita.  In  approximate 
proportions,  one-half  of  the  total  is  in  Washington  and 
one-fourth  in  each  of  the  other  two  States. 

The  relatively  advanced  use  of  water  power  in  the 
Pacific  division  is  clear  from  the  fact  that,  with  only 
10.7  percent  of  the  land  area,  that  section  had  23.5  per- 
cent of  total  national  capacity  of  installed  water 
wheels  and  25.5  percent  of  hydroelectric  generator  ca- 
pacity at  the  end  of  1937.  The  estimated  total  output 
of  all  water  wheels  in  the  tliree  States  was  around  12.9 
billion  kilowatt-hours  in  1937.  Feasible  undeveloped 
power  is  estimated  by  the  Power  Commission  to  be  suf- 
ficient for  an  additional  annual  output  of  over  142 
billion. 

The  known  fuel  reserves  in  the  Pacific  States  con- 
sist mainly  of  oil  and  gas  in  California  and  coal  in 
Washington.  Coal  beds  in  Washington  are  estimated 
by  the  Geological  Survey  to  approximate  11.3  billion 
tons  of  bituminous  coal  and  52.4  billion  tons  of  sub- 
bituminous,  with  relatively  small  amounts  of  other 
grades.  California  oil  reserves  are  estimated  at  about 
3  billion  barrels.  Electric  utility  plants  in  Washington 
used  17,500  tons  of  coal  in  1937;  no  coal  consumption 
was  reported  by  plants  in  Oregon  and  California.  Tlie 
utility  plants  in  the  three  States  together  burned  1,932,- 
000  barrels  of  fuel  oil  in  1937,  the  rough  equivalent 
of  483,000  tons  of  bituminous  coal.  Although  neither 
Washington  nor  Oregon  produces  a  significant  amount 
of  oil,  Washington  plants  burned  641.0^30  barrels  and 
Oregon  plants  burned  542,000  barrels.  Califoniia 
plants,  in  addition  to  using  748.000  barrels  of  fuel  oil, 
burned  nearly  15.6  billion  cubic  feet  of  natural  gas. 
It  is  true  that  only  about  14  percent  of  the  electricity 
produced  in  the  Pacific  division  was  from  fuel  plants; 
but  for  that  fraction  the  present  dependence  is  on  a 
vulnerable  fuel  supply. 

In  Washington  and  Oregon  use  of  wood  waste  as  fuel 
is  of  some  importance.  Of  465  million  kilowatt-hours 
reported  in  the  countrj'  as  generated  from  wood  in  1937, 
these  two  States  reported  approximately  411  million, 
which  is  nearly  half  of  the  fuel-generated  power  re- 
ported by  their  utility  group. ^-    Very  extensive  use  of 


wood  waste  from  sawmillin^  and  woodworking  in 
Washington  is  noted  by  the  Washington  State  Planning 
Council.  The  use  extends,  of  course,  to  steam  raising 
for  industrial  purposes  and  to  hearing  homes.  Even  if 
water  storage  and  interconnection  of  hydro  plants 
should  eliminate  the  need  for  stand-by  steam  plants  in 
the  utility  industry,  extensive  use  of  wood  waste  for 
private  industrial  plants  is  expected  to  continue  until 
higher  uses  are  found  for  such  waste. ^^  In  1934,  more 
than  72  percent  of  the  dwelling  units  in  the  metropoli- 
tan district  of  Portland  and  34  percent  of  those  in  the 
metropolitan  district  of  Seattle  were  repoiled  to  be 
heated  with  wood.'*  Although  continued  use  of  large 
quantities  of  wood  for  fuel  may  be  expected,  the  high 
prices  of  lumber  and  other  wood  products,  the  increas- 
ing tendency  to  retrieve  and  process  wood  waste,  and 
the  comparative  exhaustion  of  important  forest  areas 
by  cutting,  fires,  and  tree  disease  *'  will  tend  to  restrict 
use  of  wood  as  fuel. 

AVith  the  abundant  hydroelectric  power  being  made 
available  in  new  developments  of  the  Pacific  Northwest, 
it  is  not  probable  that  the  eventual  diminution  of  the 
oil  supply  from  California  would  soon  cause  any  great 
increase  in  the  use  of  the  relatively  high-cost  Washing- 
ton coal  for  power,  although  it  may  be  required  for 
heating  jiurposes.  And  coal  that  is  probably  of  too 
high  a  relative  cost  to  be  used  in  great  amount  for 
power  at  or  near  the  coal  beds  is  imlikely  to  flow  heavily 
into  Oregon  and  California  for  power  2>roduction,  al- 
though it  may  be  needed  there  for  heating  purposes. 

Potential  water  power  in  Washington  was  estimated 
in  WM)  at  8,768,000  horsepower  available  90  percent  of 
the  time.  Total  output  of  all  water  wheels  there  in 
1937  is  estimated  at  nearly  3.4  billion  kilowatt-hours. 
Feasible  undeveloped  power  is  estimated  by  the  Power 
Commission  to  be  great  enough  for  an  output  of  72.7 
billion.  In  the  introductory  section  of  this  chapter,  it 
was  pointed  out  that  there  are  numerous  uncertain  fac- 
tors in  the  estimates  of  available  water  power.  Such 
uncertainties  are  recognized  by  those  close  to  the  prob- 
lem of  the  Pacific  Northwest.**"  There  is,  however,  no 
room  for  disputing  the  existence  of  huge  undeveloped 
water  power  in  Washington. 

Mean  rainfall  is  very  heavy  in  the  western  part  of 
Washington  but  very  light  east  of  the  Cascades.  The 
jjrecipitation  in  the  western  part  of  the  State  is  espe- 
cially heavy  during  the  winter  months,  when  the  moist, 


*=  Federal  Power  Commission,  Electric  Power  Statistics,  1937,  p.  11. 


*>  Washington  State  Planning  Council,  Energy  Resources,  State  of 
Washington  (manuscript  of  P.  Hetherton,  August  1938,  witb  revisions 
October  1938),  rP-  1.  5-6. 

"*  U.  S.  Department  of  Commerce,  Bureau  of  Foreign  and  Domestic 
Commerce,  Keal  Property  Inventory,  ISSi — Summary  and  Sixty-Four 
Cities  Combined,  pp.  27,  29. 

"^  On  forest  resources  and  depletion,  refer  to  National  Resources  Com- 
mittee, Forest  Resources  of  the  Pacific  Northwest  (1938),  especially 
pp.  10-14. 

"  Washington  State  Planning  Council,  op.  cit.,  p.  3. 
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prevailing  westerly  winds  strike  the  cooler  mountain 
sides.  The  summer  rainfall  is, generally  light.  East 
of  the  Cascades,  there  is  comparatively  light  rainfall 
even  in  the  winter,  the  winds  connnonly  having  dropped 
most  of  their  moisture  before  crossing  the  divide."' 

Although  all  of  the  rivers  of  Washington  empty 
eventually  into  the  Pacific  Ocean,  it  is  well  to  distin- 
guish three  major  drainage  systems — the  Pacific  coast 
belt,  the  Puget  Sound  Basin,  and  the  Columbia  Eiver 
system.  The  coast  belt  is  relatively  narrow  but  has  the 
heaviest  mean  rainfall.  It  is  cut  by  a  number  of  rela- 
tively short  rivers  which,  in  the  winter  months,  spill 
into  the  Pacific  the  enormous  runoff  of  the  western 
slope.  Significant  power  sites  are  indicated  for  the 
coastal  belt,  although  development  thus  far  has  been 
limited  '\n  that  area.  The  greater  developments  of  the 
State,  until  very  recent  years,  were  in  the  Puget  Sound 
Basin.  The  relatively  great  concentration  of  water 
power  in  the  western  part  of  the  State  may  be  noted 
from  the  fact  that,  in  the  Pacific  Northwest,  the 
coastal  drainage  areas,  exclusive  of  the  Columbia,  cov- 
ering only  about  one-seventh  of  the  area,  have  prac- 
tically lialf  of  the  mean  annual  runoff.^^  In  short, 
altliougli  the  power  drama  of  Washington  currently 
attaches  to  the  large  developments  on  the  Columbia 
River,  the  previous  development  had  been  largeh-  in 
the  Puget  Sound  Basin,  and  there  remains  much  unde- 
veloped power  in  the  coast  belt  and  in  (he  Puget  Sound 
area. 

At  the  end  of  1937  hydroelectric  generators  consti- 
tuted nearly  79  percent  of  the  utility  generator  capacity 
in  Washington;  over  88  percent  of  the  1937  output  of 
utility  generators  was  hydro.  None  of  the  new  Federal 
capacity  is  included  in  these  1937  figures  (only  the  rela- 
tively minor  Federal  capacity  of  national  parks  and 
reclamation  being  included).  On  the  other  hand,  pub- 
lic development  there  did  not  begin  with  the  Federal 
works.  The  Census  of  1932  showed  close  to  one-tliird 
of  the  generator  capacity  to  be  in  municipal  plants. 
Municipal  plants,  mainly  in  Seattle  and  Tacoma,  had 
about  43  percent  of  the  capacity  in  August  1938.'" 

Designs  allow  for  an  ultimate  generator  capacity  of 
504,000  kilowatts  at  Bonneville,  its  availability  divided 
between  Oregon  and  Washington.  In  July  1938  in- 
stalled capacity  was  86,400  kilowatts.     At  Coulee  the 


"  Professor  Carl  Edward  Mairnusson,  University  of  Washington,  has 
made  illuminating  reports  on  the  topography,  precipitation,  and  drain- 
age in  Washington.  Kcfer  especially  to  University  of  Washington  Enr/i- 
nrerinij  Experiment  Station  Series,  Bulletin  No.  ti!  (1924)  ;  fee  also 
Bulletin  No.  7S  (1935)  and  Bulletin  No.  90  (19.36).  In  view  of  tl\e 
overlap  of  important  drainage  basins  into  Canada.  Professor  Magnus 
son  has  considered  the  international  boundary  waters  in  Bulletin  No. 
96  (1938). 

"National  Resources  Committee,  Regional  Planning,  Part  I — Pacific 
Northwest  (May  1936),  p.  35. 

•Data  from  the  Federal  Power  Commission. 


ultimate  capacity  is  stated  at  1.890,000  kilowatts.  The 
first  unit  is  expected  to  go  into  operation  early  in  1942. 

So  great  a  prospective  increase  of  power  raises  ob- 
vious questions  of  markets.  Increased  domestic  and 
fann  use,  increased  use  by  existing  industries  and 
transportation,  uses  for  irrigation,  and  new  electro- 
chemical and  electrothermal  industries  are  considered 
in  the  possibilities  of  expanding  use.""  The  importance 
of  irrigation  alone  is  great  at  Coulee."'  The  immense 
importance  of  lumbering  and  the  related  need  for  con- 
servation and  reforestation  have  been  emphasized.** 
Attention  has  been  called  to  the  jiossibly  severe  un- 
balancing effect  that  might  come  with  the  establish- 
ment there  of  great  power-consuming  heavy  indus- 
tries."^ 

But  at  any  rate,  abuiulant  power  is  in  sight;  cheap 
power  is  the  goal ;  and  rates  announced  for  Bonneville 
rejiresent  a  confident  attempt  to  see  what  cheap  power 
will  do.    The  announced  rates  are  as  follows: 

SUMMARY  OF  WHOLESALE  RATES 

Primary  Power  (on  Bonneville  Transmission  System), 
at  $17.50  Itilowatt-year. 

Secondary  Power  (on  Bonneville  Transmission  System), 
at  $11.50  lulowatt-year. 

Primary  Power  (at  the  Bonneville  Power  Plant),  at 
$14.50  Itilowatt-yoar. 

Secondary  Power  (at  the  Bonneville  Power  Plant),  at 
.$9.50  kilowatt-year. 

Special  DevelopmentiU  Rate  for  cooperative  associations 
and  other  small  users  for  primary  power  on  the  sys- 
tem, at  Vi  cent  kilowatt-hour. 

Half  of  the  power  of  Bonneville  is  boing  reserved 
for  public  power  districts,  cities,  and  cooperative  asso- 
ciations. Altiiough  the  rates  these  districts  will  charge 
are  not  fixed,  the  late  Administrator  published  what 
he  vi.sua]ized  as  an  "objective"  rate  schedule,  as  "a 
mark  for  public  bodies  to  shoot  at."  He  proposed  a 
minimum  domestic  bill  of  50  cents  and  bracket  rates  as 
follows,  on  monthly  bills:"* 

First  50  kilowatt-hours,  at  2i/j  cents  per  kilowatt-hour. 
Ne.xt  100  kilowatt-hours,  at  2  cents  per  kilowatt-hour. 
Next  100  kilowatt-hours,  at  1  cent  per  kilowatt-hour. 
Next  1,700  kilowatt-hours,  at  i/^  cent  per  kilowatt-hour. 

In  Oregon,  wliich  is  considerably  larger  than  Wash- 
ington, potential  water  power  is  roughly  half  that  of 


••  Washington  State  Planning  Council,  op.  cit.,  pp.  lC-25.  Natioaal 
Resources  Committee,  Regional  Planning,  Part  I — Pacific  Northwest 
(1936),  pp.  91-9-1. 

"  Sperrett,  R.  G.,  "Grand  Coulee  Progresses,"  Scientific  American, 
December  1938.  U.  S.  Department  of  the  Interior,  Bureau  of  Reclama- 
lion,  General  Information  Concerning  the  Columbia  Basin  Project  (re- 
lease of  March  1,  1938),  p.  4. 

"National  Resources  Committee,  Forest  Resources  of  the  Northwest 
(1938). 

«  Wheeler,  Bayard  O..  Journal  of  Land  and  Public  Utility  Economics, 
vol.  XIV,  No.  4  (November  1938),  pp.  367-368. 

"  V.  S.  Department  of  the  Interior,  The  Bonneville  Project,  Bulletin 
No.  10,  June  13,  lO.SS,  and  press  release  N-126,  October  25,  1938. 
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Washington.  The  1936  estimate  for  Oregon  was 
4,361,000  horsepower  available  90  percent  of  the  time 
and  5,956,000  available  50  percent  of  the  time.  Esti- 
mated energy  output  of  water-power  plants  there  in 
1937  was  somewhat  over  1.1  billion  kilowatt-hours. 
Feasible  undeveloped  jjower  is  estimated  to  be  great 
enough  for  an  outpiut  of  nearly  34.5  billion. 

At  the  east,  Oregon  shares  with  Idaho  the  power 
possibilities  of  the  Snake  River.  At  the  north,  the  Co- 
lumbia is  a  common  boundary  with  Washington  along 
about  three-fourths  of  the  Oregon  line,  and  Oregon  is 
to  be  reached  by  the  network  of  the  Columbia  projects. 
The  western  band,  somewhat  like  that  of  Washington, 
has  short  rivers.  The  south  central  section  of  the  State, 
however,  lies  in  the  arid  Great  Basin. 

At  the  end  of  1937,  the  capacity  of  installed  water 
wheels  in  Oregon  was  367,000  horsepower;  of  this  ca- 
pacity, 83.5  percent  was  in  utility  plants.  No  Federal 
capacity  is  included,  and  municipal  plants  account  for 
only  about  6  percent  of  the  hydro  power.  In  other 
words,  Oregon  water-power  development  has  been  pre- 
dominantly private.  At  the  end  of  1937,  hydro  capac- 
ity constituted  49.5  percent  of  the  capacity  of  utility 
generators;  in  1937,  hydro  output  constituted  72.4  per- 
cent of  utility  output.  Furthermore,  more  than  one- 
fifth  of  the  capacity  of  prime  movers  reported  for  1929 
in  manufacturing  and  mining  plants  in  Oregon  was 
made  up  of  water  wheels. 

Ivnown  fuel  deposits  in  Oregon  consist  of  only  lim- 
ited coal,  largely  low  grade,  in  the  northwestern  part. 
Coal  production  reported  is  negligible.  Utility  power 
plants  burning  fuel  reported  no  use  of  coal  or  gas.  Of 
384  million  kilowatt-hours  produced  in  1937  by  fuel 
plants,  208  million  came  from  use  of  wood  fuel,  the 
remainder  being  from  fuel  oil."^  With  the  allocation 
of  large  blocks  of  cheap  power  from  the  Columbia 
(refer  to  Bomieville  rates  above),  and  with  the  general 
national  tendency  toward  higher  uses  of  wood,  the 
tendency  in  Oregon  probably  will  be  toward  less 
rather  than  more  use  of  fuel  in  power  plants.  The 
broad  considerations  mentioned  above  with  reference 
to  the  problem  of  markets  in  Washington  apply  in 
general  to  Oregon  also  and  need  not  be  repeated.  Rele- 
vant to  that  problem,  we  may  observe  that  the  city  of 
Eugene,  160  miles  from  Bonneville,  has  .announced 
the  following  residential  schedule: 

First  15  kilowatt-hours  at  4  cents  per  kilowatt-hour. 
Next  25  kilowatt-hours  at  2  cents  per  kilowatt-hour. 
Next  60  kilowatt-hours  at  1.7  cents  per  kilowatt-hour. 
All   over   100  kilowatt-hours   at   1.2   cents   per   kilowatt- 
hour. 
Minimum  charge,  60  cents  a  month. 


A  high-voltage  transmission  line  is  being  constructed 
southward  from  Bonneville,  to  reach  Eugene  by  the 
fall  of  this  year;  and  the  expected  increase  of  con- 
sumption of  electricity  at  Eugene  is  to  be  met  from 
Bomieville."^ 

Bulk  use  of  power  in  Oregon,  however,  depends  on 
industrial  outlet.  Overwhelmingly  the  larger  part  of 
Oregon's  employment  is  in  agriculture  and  production 
of  timber  and  wood  products.  Lumber  production, 
developing  very  rapidly  up  to  1929,  has,  of  course,  felt 
the  sustained  restriction  nationally  in  building  activity, 
an  important  part  of  the  market  being  east  of  the  Mis- 
sissippi (reached  through  the  Panama  Canal).  Grow- 
ing importance  has  attached  to  paper  pulp  production, 
and  the  rayon  industry  is  considered  a  possibility. 
There  is  some  expectation  of  growth  also  in  plywood 
and  furniture  manufacture.  And  other  manufacturing 
industries,  individually  of  relatively  small  proportions, 
offer  combined  jDossibilities  of  some  importance.  In 
agriculture  irrigation  is  resorted  to  in  a  number  of  the 
valleys.  Recent  developments  of  irrigation  in  the 
Willamette  Valley  have  yielded  surprising  results. 
Reclamation  developments  in  eastern  Oregon  are  add- 
ing considerable  acreage  suitable  for  fruits  and  vege- 
tables."' 

California  has,  according  to  1936  estimates,  total 
potential  water  power  in  California  is  much  lower  per 
Oregon  and  roughly  half  that  in  Washington.  The 
State  is  much  larger  and  much  more  populous  than 
either  of  the  other  Pacific  States.  Consequently,  the 
potential  water  power  in  California  is  much  lower  per 
capita  and  per  square  mile  than  that  in  the  other  two 
States  of  the  west  coast.  On  the  other  hand,  the  water- 
wheel  capacity  in  California  constitutes  about  60  per- 
cent of  that  in  the  Pacific  group. 

With  4.6  percent  of  the  national  ijoi^ulation  and  5.2 
jiercent  of  the  land  area,  California  has  10.8  percent  of 
the  water  power,  14.1  percent  of  the  water-wheel  ca- 
pacity, and  16.2  percent  of  the  utility  hydro  capacity. 
The  estimated  total  output  of  energy  from  water  wheels 
in  1937  was  around  8.4  billion  kilowatt-hours,  almost 
equal  to  that  of  the  South  Atlantic  division  and  about 
one-fourth  larger  than  that  of  the  State  of  New  York. 
The  relatively  high  use  of  water  power,  however,  does 
not  mean  lack  of  latitude  for  further  hydro  develop- 
ment. Feasible  undelevoped  water  power  in  the  State 
is  estimated  to  be  sufBcient  for  generation  of  close  to 
35  billion  kilowatt-hours. 

California  utility  plants  using  fuel  burned  approxi- 
mately 753,000  barrels  of  fuel  oil  and  16.2  billion  cubic 


"Federal    Power    Commission.    Electric   Power   Statistics,    1937,    pp. 
11-13,  19-24. 


"  tl.  S.  Department  of  the  Interior,  The  Bonneville  Project,  Bulletin 
No.  32.  February  1,  1939. 

■"Abstracted  from  Oregon  State  Planning  Board,  Location  and 
Orowth  of  Oregon's  Basic  Manufacturing  Industries   (1938). 
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feet  of  gas.  The  State  has  very  minor  coal  reserves 
and  negliffihle  coal  production  and  reported  no  use  of 
coal  in  utility  power  plants  in  l'J37. 

In  California  large  power  possibilities  are  combined 
in  rather  uncertain  proportions  with  problems  of  flood 
control,  irrigation,  and  public  water  supply.  Cali- 
fornia is  a  major  agricultural  State,  in  spite  of  limited 
rainfall.  Irrigation  is  a  necessity  to  the  agricultural 
industry.  Meanwhile,  great  metropolitan  areas  on  the 
coast  have  outgrown  their  water  supply.  The  com- 
pounding of  these  water  problems  makes  development 
of  water  resources  a  necessity,  and  considerable  joint 
product  or  byproduct  power  is  a  likely  prospect. 

Of  the  jirime  power  output  at  Boulder,  28  percent, 
or  approximately  1.3  billion  kilowatt-hours  annually. 


has  been  allocated  to  the  cities  and  major  utility  com- 
panies of  Southern  California.  In  addition,  36  per- 
cent, close  to  1.6  billion  kilowatt-hours,  will  be  taken  by 
the  Metropolitan  Water  District  (Los  Angeles  and 
neighboring  cities)  for  pumping  water  from  the  Colo- 
rado. Meanwhile,  however,  surveys  of  the  State's  own 
water  resources  have  proceeded,  with  close  regard  for 
the  necessities  of  agriculture  and  public  water  supply." 
A  large  development  now  in  process  is  that  of  Shasta 
Dam  in  the  Sacramento  River,  14  miles  north  of  Red- 
ding. Designs  provide  for  350,000  kilowatts  of  gen- 
ei'ator  capacity. 


«•  California    State   Planning   Board,    Present    and   Potential    Power 
Development,  Catifornla  (Manuscript,  1036). 


CHAPTER  4.— INTERCONNECTION  OF  ELECTRIC  POWER  PLANTS  EN  RELATION 

TO  DEVELOPMENT  OF  WATER  POWER 


At  various  points  in  preceding  pages,  mention  has 
been  made  of  interconnection  among  generating  sta- 
tions. Althougli  it  has  been  shown  that  water  power 
is  far  too  limited  to  meet  our  energy  requirements,  we 
find  water  power  used  at  least  somewhat  in  most  of 
the  States;  and  we  find  it  tlie  main  source  of  power  in 
some  States.  Furthermore,  we  observe  that  intercon- 
nection of  hydro  plants  with  fuel  plants  is  quite  prev- 
alent. It  is  in  point  to  consider  briefly  the  reasons  for 
interconnection  and  the  special  place  of  hydro  in  in- 
terconnected systems. 

General  Reasons  for  Interconnection 

The  broad  reasons  for  interconnection  are  reduction 
of  cost  and  increase  of  reliability.  Reduction  of  cost 
through  interconnection  relates  largely  to  greater  di- 
versification of  load,  reduction  of  the  proportion  of 
capacity  necessary  for  reserve,  use  of  the  more  efficient 
capacity  for  a  greater  part  of  the  total  output,  and 
closer  adjustment  of  increase  in  capacity  to  increase 
in  requirements. 

Diversification  of  Load 

Demand  for  electricity  fluctuates  widely.  To  assure 
service,  a  system  must  have,  or  must  be  able  to  draw 
on,  capacity  great  enough  for  the  largest  probable  peak 
load,  plus  reserve  against  breakdown.  Within  the 
business  cycle,  depression  levels  of  industrial  activity 
one-fourth  or  more  below  peak  levels  are  common. 
Within  the  year,  because  of  seasonal  fluctuations  and 
other  instabilities,  the  output  of  the  low  mouth  may 
be  10,  20,  or  30  percent  below  that  in  the  high  month,"' 


and  monthly  totals  do  not  show  the  full  range  of  sea- 
sonal fluctuation.  Typical  daily  fluctuations  in  load 
may  require  at  the  peak  a  supply  of  energj'  tlu'ee,  four, 
or  more  times  that  of  typical  low  level  of  requirements.^ 

In  1937  the  average  output  of  electrical  energy  was 
approximately  3,300  kilowatt-hours  per  kilowatt  of 
capacity  reported.=  Thus,  the  average  capacity-use 
factor  for  the  year  was  below  38  percent.  This  per- 
centage, reflecting  great  excess  of  capacity  over  aver- 
age use,  is,  in  fact,  a  comparatively  high  percentage; 
earlier  percentages  reflecting  annual  average  propor- 
tions of  capacity  in  use  were  typically  lower.^ 

It  must  be  clearly  understood  that  a  relatively  low 
capacity-use  factor  does  not  mean  that  capacity  is 
greater  than  the  load  requires.  It  means  merely  that  a 
large  portion  of  the  capacity,  even  if  fully  required  for 
the  peak,  is  ^dle  most  of  the  time.  The  hope  of  remedy 
lies  in  reducing  the  irregularity  of  the  total  load. 


"  Monthly  production  totals  for  hydro  plants,  fuel  plants,  and  all 
plants  combined,  as  well  as  monthly  sales  totals  for  different  classes 
of   customers   are    shown    for    the   years    1933-37   in    Edison    Electric 


Institute,  Statistical  Bulletin  A"o.  5  (April  1938),  pp.  24-2."j.  Monthly 
production  totals  by  state  and  region  for  hydro  plants,  fuel  plants, 
and  all  plants  combined  in  1937  are  given  in  Federal  Power  Commis- 
sion, Electric  Potter  Statistics,  I93rt,  pp.  (5-13.  Typical  seasonal  loads 
of  New  England  districts  in  1919  are  charted  in  Murray,  W.  S.,  and 
Others,  op.  cit.,  pp.  35-41. 

'On  dally  loads,  see  Oibson,  Norman  R.,  "Rational  Distribution  of 
Electric  Energy,"  Third  World  Power  Conference  (1936),  sec.  VI,  Paper 
No.  16,  p.  20.  (Conference  proof.)  Daily  load  curves  of  (a)  Pennsyl- 
vania Power  and  Light  Company,  (6)  Philadelphia  Electric  Company 
and  Public  Service  Electric  and  Gas  Company,  combined  and  (e)  these 
three  companies  combined  are  given  in  Funic,  Nevin  E.,  "The  Economic 
Value  of  Major  System  Interconnections,"  Journal  of  The  Franklin 
Institute,  August  1931.  Reproduced  in  Securities  and  Exchange  Com. 
mission,  Compilation  of  Information  on  Interconnection  of  Electric 
Utilities  (193G),  following  p.  11.  For  a  highly  illuminating  summary 
of  the  significance  of  interconnection  refer  to  .loel  D.  Ju.stin,  .American 
Society  of  Civil  Engineers,  Proceedings,  December  1937,  pp.  1915-22. 

=  Total' net  output  for  the  year  divided  by  the  average  of  capacity 
reported  for  December  31,  193G,  and  capacity  reported  for  December 
31,  1937.     Federal  Power  Commission,  op.  cit.,  pp.  2-3. 

^  Nourse,  Edwin  G.,  and  Associates,  America's  Capacity  to  Produce 
(The  Brookings  Institution,  1934),  pp.  476-77. 
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Most  communities  have  wide  variations  in  their  de- 
mand for  electricity,  hut  communities  may  differ  from 
each  other  a  great  deal  with  respect  to  the  timing  and 
the  extent  of  their  variations.  Of  especial  importance 
is  the  fact  that  they  differ  with  respect  to  the  time  of 
peak  demand.  This  difference  in  time  of  peak  demand 
appears  not  only  with  reference  to  variation  of  demand 
within  the  day  but  also  with  reference  to  differences 
among  the  days  of  the  week  and  among  months  or  sea- 
sons of  the  year. 

As  demand  patterns  of  different  sorts  are  put  to- 
gether, some  of  the  high  points  of  one  fall  at  the  time 
of  lower  points  of  others,  with  the  result  that  variation 
in  total  demand  is  reduced.  For  any  central  station,  a 
better  sustained  service  demand  is  more  likely  if  a 
variety  of  industries,  commercial  establishments,  trans- 
portation requirements,  and  homes  are  being  supplied 
than  if  operations  are  tied  to  the  needs  of  only  a  few 
types  of  demand.  And  a  stUl  better  reduction  of  varia- 
tion may  be  found  when  the  demands  of  several  com- 
munities are  served  by  one  interconnected  system. 

Closing  pai-t  of  the  spread  between  average  capacity 
in  use  and  capacity  required  for  peak,  i.  e.,  improve- 
ment of  load  factor,  means  ordinarily  reduction  of 
cost  per  kilowatt-hour.  This  reduction  in  cost  is  ob- 
vious regarding  interest,  depreciation,  and  certain 
maintenance  costs  that  must  be  incurred  even  for  idle 
plants.  But,  for  steam  plants,  the  reduction  of  load 
variation  also  has  an  important  bearing  on  operating 
cost  per  unit  of  output.  Steam  must  be  kept  up  suf- 
ficiently above  immediate  use  to  permit  the  prompt 
pickup  of  more  load ;  and  since  the  high-speed  turbines 
of  the  steam  station  cannot  be  thrown  into  service  when 
cold,  a  "hot  reserve"  of  operating  capacity  is  required, 
sufficient  to  assure  sustained  service  against  outage  of 
the  largest  unit  on  the  line. 

Reduction  in  the  Proportion 
of  Reserve  Capacity 

To  assure  continuity  of  service,  total  capacity  must 
exceed  the  capacity  required  on  the  line  at  the  time  of 
peak  load  sufficiently  to  carry  on  if  the  largest  unit  in 
service  goes  out.  Meanwhile,  because  of  economies  of 
comparatively  large  generator  units,  the  reserve  imit  or 
units  in  a  small  system  constitute  a  significant  propor- 
tion of  capacity.  But  the  likelihood  of  an  outage  in  two 
or  three  neighboring  systems  at  the  same  time  is  rather 
remote.  Consequently,  with  interconnection,  it  is  often 
possible  to  reduce  the  proportion  of  reserve  capacity 
lower  than  in  the  isolated  system.  Such  reduction 
brings  about  a  reduction  in  overhead  cost  per  unit  of 
output. 


Additions  to  Capacity 

Total  power  requirements  were  growing  fast  before 
the  depression.  Growth  of  central  electric  station  ca- 
I^acity  was  faster  than  the  total  growth,  for  the  reason 
that  an  increasing  portion  of  power  machinery  was  be- 
ing operated  with  electricity  from  central  stations. 
Further  gi-owth  is  assumed.  Although  the  economic 
size  of  additional  units  varies  in  different  areas,  ad- 
vantages of  fairly  large  units  are  such  that  increase 
of  capacity  for  future  demand  may,  in  a  smaller  sys- 
tem, account  for  a  significant  percentage  of  the  excess 
of  total  capacity  over  average  use.  In  the  larger  area 
served  by  interconnected  systems,  the  installation  of  the 
larger  economic  units  is  possible  without  the  effect  such 
units  have  in  the  more  restricted  system  on  the  amoiuit 
of  idle  cajDacity  and,  therefore,  on  the  relative  weight 
of  fixed  charges.  Hence,  there  is  better  opportunity  for 
gradual  increase  of  capacity  in  accordance  with  increase 
in  demand. 

Use  of  the  More  Efficient  Units 

Different  plants  and  different  units  therein  are  likely 
to  represent  a  range  of  substantial  difference  in  eflS- 
ciency.  There  are  obvious  motives  for  carrying  the 
larger  part  of  the  load  with  the  more  efficient  equip- 
ment, placing  the  less  efficient  units  in  service  only  as 
necessary  for  peak  service.  Interconnected  systems 
have  better  opportunity  to  maximize  the  use  of  the 
more  efficient  units  and  to  minimize  the  use  of  the  less 
efficient. 

Water  Power  and  Interconnection 

Possible  advantages  of  water  power  in  the  inter- 
connected system  relate  to  both  overhead  cost  and  oper- 
ating cost. 

If  thought  of  with  reference  to  capacitj-  for  fairly 
continuous  operation,  the  cost  per  kilowatt  in  a  steam 
plant  typically  is  very  much  less  than  the  cost  per  kilo- 
watt in  the  hydro  plant.  Moreover,  for  large  portions 
of  the  country,  irregularity  of  stream  flow  and  the 
limit  in  the  amount  of  water  power  available  even 
witli  storage  render  it  necessary  to  provide  fuel  plants 
with  capacity  large  enough  for  base  loads.  Granted 
that  different  cost  relations  hold  with  reference  to  the 
Niagara  and  the  St.  Lawrence,  because  of  their  great 
natural  firm  power,  than  with  reference  to  the  super- 
storage  projects  on  the  Tennessee,  the  Colorado,  and 
the  Columbia;  granted  also  that  further  development 
of  basin  plans  may  materially  alter  cost  relationships 
elsewhere;  nevertheless,  for  most  of  the  country  at 
present,  the  high  basic  cost  of  hydro  plants  holds  true. 

With  reference  to  incremental  cost  per  kilowatt  for 
reserve,  however,  something  different  is  encountered. 
For  steam-driven  reserve,  the  necessary  appurtenances — 
furnace,  boilers,  pumping  equipment,  etc. — must  be  in 
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general  proportion  witli  generator  capacitj\  even 
thougli  it  will  be  in  use  only  a  small  part  of  the  time. 
Consequently,  the  incremental  cost  for  steam-driven 
reserve  is  not  likely  to  be  a  great  deal  less  than  the  basic 
cost  of  steam-driven  capacity. 

Ordinarily,  to  use  water  power  at  all  requires  the 
building  of  a  dam,  and  at  least  some  land  for  a  pond 
is  necessary.  If  generator  capacity  is  installed  merely 
in  accordance  with  firm  power  available  without  stor- 
age, the  cost  per  kilowatt  of  capacity  is  likely  to  be  very 
high.  And  since,  for  nnich  of  the  country,  fuel-driven 
capacity  would  still  be  necessary,  sucli  hydro  installa- 
tion would  be  unlikely.  But  designed  for  peak  use,  a 
hydro  plant  with  a  moderate  storage  reservoir  can  carry 
for  a  few  hours  each  day  a  load  several  times  as  great 
as  it  could  carry  continuouslj'.  Capacity  far  above  firm 
power  limits,  aimed  for  peak  purposes,  can  be  provided 
in  such  a  plant  at  a  very  low  incremenial  cost  per 
kilowatt. 

Operating  and  maintenance  cost  of  the  steam-electric 
plant  are  generally  recognized  to  be  reiativelj'  high. 
Fuel  cost  is  a  large  item ;  and  a  moderate  fraction  of  the 
energy  from  the  fuel  is  used  in  the  operation  of  the 
plant  itself,  chiefly  for  firing  and  for  pumping.  Firing 
must  go  on  for  some  time  in  advance  of  the  rise  in  load, 
and  there  is  inevitable  loss  of  energy  after  the  load 
goes  down.  Steam  must  be  kept  sufficient  for  a  likely 
pick-up  of  load ;  and,  since  an  idle  steam  turbine-gen- 
eiator  unit  cannot  be  thrown  into  service  at  once,  it  is 
necessary  to  keep  a  hot  reserve  in  operation.  Substan- 
tial maintenance  cost  is  incurred  because  of  numerous 
iuo\ing  parts  of  firing  and  pmnping  machinery,  great 
furnace  and  boiler  heat,  great  boiler  pressure,  great  heat 
on  the  turbine,  and  high  speed  of  the  turbo-generator 
unit. 

An  idle  hydroelectric  unit  can  be  put  into  service 
almost  instantly — sometimes  automatically  and  often 
semiautomaticallv — and  can  be  taken  o>it  of  service  with 
equal  promptness  when  it  is  no  longer  needed.  There- 
fore, a  steam  system  wnth  hydro  reserve  does  not  have 
to  kcoj)  a  hot  reserve  in  operation.  When  stream  flow 
materially  exceeds  that  required  for  peak  operations, 
some  of  the  hydro  capacity  can  be  operated  longer 
hours — further  down  the  load  curve — thereby  reducing 
total  operating  cost.  When,  seasonall}'  or  in  depres- 
sion, the  total  load  drops,  operating  costs  may  be 
trimmed  substantially  through  maximum  use  of  the 
hydro  capacity. 

Most  of  our  streams  have  rather  wide  variation  in 
flow.  The  pattern  of  variation  differs  considerably 
from  stream  to  stream.  Wide  interconnection,  there- 
fore, affords  opportunity  to  include  stream  diversity 
and  thereby  to  provide  a  more  dependable  hydro  reserve 
for  the  system. 


Status  of  Interconnection 

Electric  light  and  power  service  was  at  first  a  dis- 
tinctly local  affair.  With  developing  transmission 
methods  and  growth  of  local  couununities,  larger  and 
larger  areas  were  served  by  individual  central  stations. 
With  the  expansion  of  service  areas  in  the  denser  sec- 
tions, the  neighboring  systems  often  came  to  constitute 
almost  continuous  series  of  systems.  Numerous  factors 
tended  to  encourage  interconnection — such  factors  as 
inqjrovement  of  transmission,  development  of  inter- 
locking financial  interest,  occasional  emergencies,  search 
for  diversity  of  load,  regard  for  the  economy  of  larger 
generating  units,  the  general  overhead  j^roblem  of  re- 
serve caiDacit}-,  and  recognition  of  the  flexibility  of 
water  {jower  and  its  especial  advantages  for  peak.  And 
in  terms  of  closely  neighboring  areas,  interconnection 
advanced  a  great  deal.  But  it  did  not  for  a  long  time 
develop  reach  of  either  much  capacity  or  much  distance. 

During  the  World  War,  power  shortage  was  ex- 
perienced in  important  centei-s,  because  of  heightened 
ijulustrial  demand;  shortages  of  fuel,  caused  by  con- 
gestion of  transport;  shortages  of  water  power,  caused 
by  extreme  cold  in  the  winter  of  1917-18  and  drouth 
in  the  summer  of  1918;  and  curtailment  of  power  from 
Canada,  because  of  the  rise  of  Canadian  requirements. 
At  the  same  time,  there  was  surplus  power  available 
in  some  areas,  and  partial  remedy  was  provided  by  in- 
terconnection.* But  Secretary  Lane  said  later  that  had 
hostilities  continued  we  should  certainly  have  faced 
an  extreme  power  shortage.^  The  Geological  Survey 
intensified  its  studies  of  the  local  and  national  power 
situation ;  and  a  special  study  was  made  of  the  great 
industrial  seaboard  area  fi'om  Boston  to  Washington. 
The  unnecessary  waste  incident  to  the  production  of 
power  by  unassociatcd  units  and  the  need  for  coordina- 
tion of  power  production  in  that  area  were  given  forth- 
rigliL  expression  in  1921.'  Industrial  interests  of  New 
England  were  concerned  about  their  power  problem 
and  asked  for  engineering  consideration  of  it.  Among 
the  se\eral  cogent  aspects  of  tlie  resulting  report  ^\as 
definite  reference  to  the  advantage  of  improved  inter- 
comiection.'  In  1923,  Secretary  Hoover  conferred  in- 
formally with  the  chairmen  of  the  utilities  conmiis- 
sions  of  the  11  northeastern  States  regarding  possible 
State  and  Federal  cooperation  toward  power  develop- 
ment.   There  was  then  formed  the  Northeastern  Super 


*  Federal  Power  Commission,  National  Poicer  Survey,  Interim  Re- 
port. Power  Series  No.  1   (in:!5),  pp.  49-50. 

'  Quoted  In  Foreword  of  Murray,  W.  S.,  and  Others,  A  Superpower 
System  for  the  Reriion  bcttcccn  Boston  and  WasMngton,  V.  S.  Depart- 
ment of  the  Interior,  Geological  Survey,  Professional  Paper  123  (1921). 

'Ibid.,  p.  11. 

'Main.  XTharles  T..  Ilarriman,  Henry  I.,  and  Jaclsson.  Dugal  C, 
"Power  Requirements  and  Sources  of  Supply  of  New  England,"  Jour- 
nal of  the  Boston  Socirty  of  Civil  Engineers,  Vol.  XI,  No.  5  (Mar 
1924),  pp.  193-227,  especially  pp.  206-207. 
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Power  Committee,  composed  of  representatives  of  the 
several  States  and  members  from  the  Geological  Sur- 
vey, the  Federal  Power  Commission,  and  the  Army. 
The  report  of  that  committee  stated,  among  other 
things,  that  about  45  percent  of  the  companies  were 
teclinically  interconnected  but  that  only  about  8  per- 
cent of  the  interconnections  had  capacity  large  enough 
for  effective  interchange  of  power;  and  the  need  of 
additional  interconnection  was  emphasized.* 

In  1935  the  Federal  Power  Commission  pointed  out 
that  interconnection  was  relatively  far  advanced  in  por- 
tions of  New  England,  the  Pennsylvania-New  Jersey 
area,  the  South  Atlantic  region,  the  Pittsburgh-Ohio 
industrial  area,  the  Chicago  district,  and  the  States  of 
Washington  and  California.  But  the  Commission  also 
said  "it  would  appear  that  in  none  of  these  regions  are 
all  of  the  benefits  possible  from  a  high  degi-ee  of  inter- 
connection and  coordination  being  secured."  A  rela- 
tively high  stage  of  development  in  the  transmission 
network  was  especially  observable  in  areas  making  sig- 
nificant use  of  water  power.  Considered  broadly,  a 
map  of  the  main  transmission  network,  as  it  stood  in 
1935,  showed  that  in  most  of  what  appeared  to  be  large 
regional  continuities  of  ties  there  were  links  of  low  ca- 
pacity, i.  e.,  ties  inadequate  for  large  interchange  of 
power.  ^  Another  map  from  the  same  survey  showed 
clearly  the  patchwork  of  competitive  system  areas,  dif- 
ferentiated according  to  holding-company  controls  or 
affiliations.^" 

From  the  National  Power  Survey  of  1935  it  was  con- 
cluded that  with  return  to  prosperity  levels  many  parts 
of  the  country  would  face  power  deficiency,  although 
for  other  sections,  fewer  in  number,  surplus  power 
seemed  likely.  In  view  of  both  the  problem  of  ordi- 
nary economic  requirements  and  the  great  significance 
of  adequate  power  in  national  defense,  recommenda- 
tions were  made  both  for  the  modernization  and  en- 
largement of  capacity  and  for  making  the  most  of  exist- 
ing capacity  by  improved  interconnection.^^  During 
floods  of  recent  years  numerous  communities  found  that, 
with  their  own  plants  closed  by  high  water,  they  had 
only  lines  of  small  capacity  or  no  lines  at  all  over  which 
power  available  in  neighboring  communities  might  be 
transmitted.  And  on  September  II,  1938,  the  New 
York  Times  reported  that  the  War  Department  had 


•Northeastern  Super  Power  Committee,  Super  Power  Studies  Tor 
the  Northeast  Section  of  the  United  States  (1924).  pp.  6-8. 

'  Op.  cit.,  pp.  7,  54,  and  map  facing  p.  6. 

"Federal  Power  Commission,  National  Power  Survey,  Principal 
Electric  Utility  St/stems  in  the  United  States,  Power  Series  No.  2 
(1935),  map  inside  back  cover. 

"  Federal  Power  Commission,  National  Power  Survey,  Interim  Re- 
port, Power  Series  No.  1   (1935),  pp.  X-XI  and  11-30.  49-50. 


called  attention  to  the  problem  of  eliminating  "bottle- 
necks" in  the  transmission  of  electric  power. 

Public  Interest 
in  Interconnection 

That  the  developing  American  interest  in  better  in- 
terconnection of  power  facilities  is  in  no  sense  a  mere 
phase  of  the  post-1929  economic  struggle  is  obvious 
from  the  active  concern  manifest  in  the  immediate  post- 
war years.  That  it  is  in  no  sense  a  merely  American 
interest  is  clear  from  the  record  of  European  experience 
spread  through  numerous  reports  presented  at  the 
Third  World  Power  Conference  held  in  Washington  in 
1936. 

Assurance  of  Continuous  Service 

Perhaps  the  most  widely  recognized  point  of  public 
interest  in  intercoimection  lies  in  the  need  of  assurance 
against  the  severe  consequences  of  a  prolonged  inter- 
ruption in  the  supply  of  electricity.  Urban  communi- 
ties are  hardly  conscious  of  how  essential  electricity  is 
to  them  until  the  supply  is  interrupted.  Such  interrup- 
tion does  not  mean  merely  lack  of  light,  refrigeration, 
and  radio  in  the  home.  It  means  also  that  most  eco- 
nomic activity  is  brought  to  a  standstill  for  lack  of 
light  and  power.  And  it  may  mean  danger  of  fire  or 
epidemic  because  of  its  stoppage  of  the  water  pumps. 

Continuity  of  transportation  service  has  long  been  a 
recognized  matter  of  public  concern,  and  no  prolonged 
interruption  of  train  service  is  tolerated.  Since  electric 
power  cannot  be  economically  stored  in  quantity,  com- 
plete continuity  of  electric  service  is  perhaps  more  im- 
portant to  the  public  than  assurance  against  temporary 
interruption  in  tlie  movement  of  commodities.  Fur- 
thermore, it  may  well  be  kept  in  mind  that  sustained 
transportation  is  in  many  places  dependent  to  a  great 
extent  on  sustained  electric  service. 

Such  continuity,  of  crucial  importance  to  peace-time 
work  and  comfort,  and  an  obvious  requirement  of  na- 
tional defense,  does  not  mean  merely  the  sustained  flow 
of  some  electrical  energy.  It  means  adequacy  of  total 
energy  available  and  the  means  to  send  it  where  it  is 
needed.  Thus,  assuming  enough  generator  capacity 
within  transmission  reach  of  the  point  of  need,  assur- 
ance of  service  requires  transmission  ties  of  substantial 
capacity  to  several  possible  sources.^^ 

Reduction  in  Cost  of  Service 

A  second  point  of  public  interest  rests  on  the  possi- 
bility of  reduction  in  cost  that  may  be  effected  through 


"  Increased  assurance  arising  from  interconnection  with  hydro  relates 
to  both  the  comparatively  greater  freedom  of  hydro  from  breakdown 
because  of  greater  simplicity,  and  the  speed  with  which  hydroelectric 
generators  can  he  put  into  operation.  Creager,  William  P.,  and  Justin, 
Joel  D.,  Hydro-Electric  Handbook  (John  Wiley  and  Sons,  Inc.,  1927), 
p.  874. 
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interconnection.  The  electric  utility  industry,  as  a  reg- 
ulated industry,  is  also  a  protected  industry.  Protec- 
tion of  "natural"  monopoly  can  deserve  popular  respect 
only  as  it  is  conducive  to  sen'ice  that  is  better  and 
cheaper  tliiin  that  obtainable  under  other  conditions. 
Surely  no  ai-rangement  that  ought  to  survive  can  be 
aimed  to  prevent  conuuunity  realization  of  savings  and 
service  advantages  made  possible  by  advancing  tech- 
nolog}'. 

It  must  be  recognized,  of  course,  that  if  all  savings 
attainable  through  better  integration  of  electric  service 
had  to  be  passed  on  to  the  consumer,  there  would  remain 
no  profit  motive  for  bringing  about  such  integration. 
Moreover,  it  is  altogether  likely  that  some  develop- 
ments of  transmission  networks,  which  may  conclu- 
sively seem  advisable  in  terms  of  the  general  welfare 
or  in  terms  of  specific  considerations  of  national  se- 
curity, may  not  appear  feasible  in  terms  of  the  profit 
calculations  necessary  in  private  business.  But  these 
are  only  qualifications  to  be  thought  of  as  safeguards 
against  blunders  of  policj'.  They  do  not  alter  the  basic 
fact  that  improved  interconnection  may  often  subserve 
the  public  interest  in  cheaper  electricity. 

Relief  From  Urban  Congestion 

Another  asjiect  of  the  public  interest  relates  to  the 
relief  wliich  the  better  development  of  transmission 
networks  might  be  expected  to  provide  from  urban 
congestion  and  certain  of  the  attendant  social  problems. 
Sheer  pliysical  complexity  and  unwieldiness  of  the  con- 
gested center  are  seen  in  crowded  streets  and  walks; 
the  jam  of  crowded  elevators,  trolley  cars,  and  busses; 
the  maze  of  wires,  cables,  and  pipes.  Lack  of  healthful 
elbow  room  for  light,  air,  and  play  space  is  glaringly 
typical.  What  is  still  more  important,  in  terms  of  the 
large  problem  of  individual  and  social  security,  is  that 
in  sucli  urban  congestion  the  worker  is  wholly  removed 
from  the  soil  as  a  source  of  even  partial  livelihood  and, 
in  general,  is  wholly  dependent  on  tragically  unstable 
commercial  or  industrial  employment. 

Direct  use  of  steam  for  mechanical  power  has  tended 
to  concentrate  population.  With  industrialization,  we 
have  more  and  more  worked  with  power  machinery. 
If  power  was  a  major  item  of  cost,  such  machinery  had 
to  be  placed  where  steam  could  be  generated  cheaply. 
That  advantage  depended  on  accessibility  to  cheap  fuel 
and  abundant  water.  The  abundance  of  suitable  water 
at  mine-mouth  was  not  common.  Cheap  power,  there- 
fore, came  to  be  associated  with  favored  spots  which 
had  abundant  water,  in  river,  lake,  or  bay,  and  com- 
paratively cheap  transportation  of  fuel.  Although 
items  other  than  power  cost  are  important  in  location  of 


industry,  choice  of  industrial  location  was  in  large 
part  confined  to  spots  relatively  favored  for  generation 
of  cheap  power.  In  an  earlier  day,  choice  was  confined 
to  spots  having  usable  waterfalls  or  rapids. 

Now,  the  central  electric  station  still  must  be  located 
at  spots  affording  the  opportunity  for  cheap  steam  and 
abundant  condensing  water  or  at  spots  having  available 
cheap  potential  water  power.  But  the  machines  driven 
by  power  from  these  central  stations  do  not  have  to  be 
so  located.  So  far  as  the  power  requirement  is  con- 
cerned, their  location  merely  has  to  be  witiiin  economic 
reach  of  transmission  from  the  central  stations. 

Some  industries  with  large  requirements  for  heat 
and  water  need  locations  similar  to  those  favored  for 
steam-electric  stations,  but  rarely  ai-e  their  nonpower 
requirements  for  water  in  the  almost  astronomical  pro- 
portions characterizing  the  water  requirement  of  the 
steam-electric  station.  Some  industries  in  which  mass 
handling  and  closely  knit  successive  steps  are  essential 
to  economic  production  will  continue  to  require  large 
plants,  but  the  economy  of  large  size  of  plant  does  not 
connote  any  necessary  economy  of  having  large  plants 
"all  in  a  row."  Some  industries  have  an  especially 
large  problem  of  bulk  transportation;  but  to  this  fact 
must  be  opposed  the  other  fact  that  urban  congestion 
is  pressing  upon  us,  among  other  problems,  that  of  un- 
scrambling a  number  of  our  transportation  termini. 

Granted  the  various  qualifications,  it  remains  hardly 
open  to  doubt  that  improved  and  extended  transmis- 
sion networks  offer  the  possibility  of  substantial  relief 
fi-oni  urban  congestion. ^^ 

Conservation 

A  fourth  important  point  of  public  interest  in  more 
adequately  interconnected  power  networks  relates  to 
the  specific  problem  of  conserving  scarce  fuels  and  to 
the  more  complex  set  of  conservation  problems  in- 
volved in  control  and  development  of  streams.  That 
development  of  water  power  would  make  it  easier  to 
establish  a  more  frugal  use  of  oil,  gas,  and  relatively 
scarce  grades  of  coal  is  obvious  enough.  Meanwhile, 
the  several  aspects  of  stream  control  and  development 
quite  commonly  require  dams  and  reservoirs.  Proper 
regard  for  the  possibilities  of  power  in  such  stream 
projects  would  be  economic  in  the  sense  of  salvaging  a 
valuable  byproduct  of  the  necessary  stream-control 
projects  and  would  be  economic  also  in  the  sense  of 
facilitating  the  conservation  of  strategically  important 
fuels. 


"  National  Resources  Committee.  Our  Cities — Their  Role  in  the  Na- 
tional Economy  (June  1937),  pp.  29-30,  43,  and  Population  Statistics, 
J  Vrian  Data  (October  1937)  pp.  1-2.  Refer  also  to  "Competitive  Devel- 
opment" in  tlie  next  chapter. 
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The  attention  being  given  to  storage  in  many  of  the 
water  resources  developments  adds  materially  to  the 
amount  of  dejiendable  water  power  available.  Such 
additional  recovery,  of  power  will  justify  network  ex- 
tensions that  could  not  be  justified  with  respect  to 
many    projects    designed    with    little    or   no    storage. 


Meanwhile,  the  extension  of  network  would  make  pos- 
sible the  development  of  many  small  waters,  very 
useful  for  peak  purposes,  but  not  large  enough,  con- 
sidered alone,  to  justify  the  necessary  transmission 
facilities. 


CHAPTER  5.- 


GENERAL  COMPETITIVE  RELATIONSHIPS  OF  WATER  POWER  AND 

FUELS 


Developed  water  power,  considered  nationally,  is 
quite  predominantly  used  for  generation  of  electricity. 
Undeveloped  water  power  is  appraised  as  a  resource 
that  may  be  used  for  the  same  purpose.  Thus,  the 
directly  competitive  position  of  water  power  resources 
must  be  considered  with  respect  to  the  supplying  of 
electrical  energy. 

Competitive  Development 

Use  of  water  power  in  the  United  States  is  about  as 
old  as  the  industrial  history  of  our  country.  Prior  to 
the  development  of  electrical  transmission,  however, 
power  derived  fronx  falling  water  could  be  used  only 
at  the  fall.  Tlie  advent  of  the  steam  engine  afforded 
vastly  wider  latitude  for  choice  of  industrial  location, 
for  the  steam  engine  could  be  used  wherever  fuel  and 
boiler  water  could  be  had  cheaply.^*  Wood  was  avail- 
able almost  anywhere  in  the  inhabited  sections,  and 
boiler  water  was  available  from  either  streams  or  wells 
almost  anywhere  back  of  the  saline  reach  of  tidewater. 
As  lumbering,  clearing  for  farms,  forest  fires,  and  use 
of  wood  for  fuel  caused  here  and  there  the  beginnings 
of  scarcity  of  wood,  the  canals  and  railroads  made 
more  distant  wood,  and  (later)  coal,  available.  More- 
over, systems  of  public  water  supply  made  water  more 
easily  available.  True,  the  building  of  roads,  canals, 
and  railroads  gave  easier  accessibility  to  water  power 
sites;  and  the  introduction  of  the  hydraulic  turbine 
greatly  facilitated  the  appropriation  of  water  power. 
Meanwhile,  goods  manufactured  at  water-power  sites 
could  be  transported  to  the  markets  also  drawing  from 
steam  plants.  But  in  most  of  the  country  the  advan- 
tage was  with  steam  power. 

With  the  advent  of  electrical  transmission,  availa- 
bility of  the  energy  of  falling  water  became  techno- 
logically possible  anywhere  within  reach  of  transmis- 
sion from  the  power  site;  and  from  purely  local 
availability  that  reach  has  spread  so  much  that  energy 
from  a  waterfall  could  be  used  a  hundred,  two  hun- 


^*  On  the  early  use  of  water  power  and  later  development  of  use  of 
the  steam  engine,  refer  to  C.  R.  Daugherty,  The  Development  of  Horse- 
power Equipment  in  the  United  States,  V.  S.  Geological  Survey,  Water 
Supply  Paper  579  (192S),  pp.  24-28.  On  the  general  development  "f 
use  of  power,  refer  to  John  George  Glover  and  William  Bouck  Cornell. 
The  Development  of  American  Industries^  pp.  567-577. 


dred,  and  on  toward  three  hundred  miles  from  the 
fall.  The  same  distances,  of  course,  hold  for  a  steam 
plant.  But  whereas  formerly  the  choice  was  between 
water  power  at  the  fall  only  and  steam  power  at 
numerous  places,  water  power  and  steam  have  become 
alternative  possibilities  within  transmission  distance 
from  the  fall,  i.  e.,  say,  somewhat  over  250  miles  (a 
tested  distance)  for  a  large  power  site. 

Within  reach  of  such  radius  a  large  hydroelectric 
plant  might  supply  electricity  anywhere  within  a  cir- 
cular area  of  about  200,000  square  miles  centered  at  the 
fall,  i.  e.,  an  area  approximately  twice  as  large  as  the 
combined  land  area  of  the  States  of  New  York,  Peim- 
sylvania,  and  New  Jersey,  or  considerably  more  than 
three  times  the  area  of  all  the  New  England  States 
combined. 

Thus  within  range  of  transmission  from  power  sites 
water  power  is  directly  competitive  with  fuels  as  a 
soui'ce  of  energy.  Moreover,  even  though  energy  from 
water  may  not  practicably  be  used  more  than  200  or 
250  miles  from  the  power  site,  industry  can  gravitate 
into  the  orbit  of  a  water-power  site.  Therefore,  indi- 
rectly, water  power  is  competitive  quite  beyond  the 
economic  limits  of  transmission. 

Technically,  fuels  might  be  used  to  serve  all  the 
purposes  served  by  water  power.  That  is,  technically, 
fuels  could  be  used  as  a  complete  substitute  for  water 
powei'.  Actually,  during  the  post-war  period  when  a 
tremendous  expansion  of  electric  utility  capacity  took 
place,  increase  of  hydroelectric  capacity  was  in  ap- 
proximately the  same  proportion  as  increase  of  capac- 
ity in  fuel-electric  plants.  And  it  is  significant  to 
realize  that  this  took  place  when  very  striking  reduc- 
tions were  made  by  the  utilities  in  the  amount  of  fuel 
required  per  kilowatt-hour  generated  in  the  fuel  plants. 

General  Range 
of  Competition 

The  annual  amount  of  water  power  available  is  large 
enough  only  to  supply  the  smaller  part  of  our  present 
total  energy  requirements.  We  have  noted  earlier  that 
the  total  of  our  developed  water  power,  plus  the  un- 
developed water  power  which  appears  to  be  probably 
feasible    for   future   development,   seems   sufficient   to 
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supply  an  amount  of  eiier<fy  equivalent  to  more  than 
one-fifUi,  possibly  one-fourtli,  of  our  largest  past  an- 
nual use  of  energy.  Viewed  in  terms  of  our  total  use 
of  energy,  and  with  due  regard  for  present  technical 
and  economic  limitations,  use  of  water  power  instead 
of  fuel  is  seen  to  be  possible  within  a  comparatively 
limited  range. 

Very  large  jjroportions  of  our  use  of  energy,  however, 
are  outright  fuel  requirements,  i.  e.,  requirements  in 
which,  for  economic  or  technical  reasons,  electricity  is 
not  now  acceptable.  But  many  of  these  economic  and 
technical  limits  are  not  of  abiding  character,  and  en- 
ergy requirements  formerly  thought  to  be  wholly  or 
mainly  direct  fuel  requirements  are  increasingly  being 
met  with  electrical  energy. 

The  larger  the  proportion  of  our  use  of  energy  in 
the  form  of  electricity,  the  larger  the  technical  lati- 
tude for  using  water  power,  within  the  limits  of  its 
availability.  Our  total  use  of  electricity  is  not  re- 
ported; but  the  larger  part  undoubtedly  is  generated 
by  utility  central  stations,  and  that  large  ])art  is 
reported.  In  1937  more  than  36  percent  of  the  elec- 
tricity produced  by  utilities  was  from  hydro  plants. 
The  estimated  annual  output  possible  from  unde- 
veloped water  [wwer  probably  feasible  for  future  de- 


velopment is  estimated  to  be  more  than  six  times  the 
output  from  utility  hydro  plants  in  1937  and  more 
than  514  times  the  estimated  total  outjjut  of  all  water 
wheels  in  1937,  including  those  outside  the  utility 
group.  Tlie  total  output  fi'om  water  i)owcr  probably 
feasible  is  close  to  2.7  times  (he  total  output  of  the 
electric  utility  group  from  fuel  and  hydro  plants  in 
1937.  Such  total  feasible  output  probably  is  consid- 
erably more  than  twice  as  great  as  our  total  production 
of  electricity.''^  Thus,  within  its  field  of  use,  namely, 
in  the  generation  of  electricity,  potential  water  power 
has  possibilities  of  very  wide  range. 

In  view  of  the  great  difference  among  regions  in 
total  energy  requirements,  in  requirements  for  electrical 
energy,  in  fuel  resources,  and  in  water-power  resoux'ces, 
tlic  competitive  position  of  hydro  varies  from  region  to 
legion.     Increasing  relative  use  of  electricity,  relative 


''Presumably  the  larger  part  of  the  generator  eapacit.v  outside  the 
utility  group  Is  In  manufacturing  and  mining.  For  the  end  of  1929, 
the  nonsus  showed  generator  capacity  amounting  to  S, ,'530.364  kilowatts 
In  miinufactwring  and  mining  combined.  At  the  end  of  1929,  generator 
capacity  in  the  utility  group  was  31.514.10,'i  kilowatts,  according  to  the 
Federal  Power  CVimmission.  Specific  industry  loads,  however,  provide 
a  much  lower  capacity  factor  than  diversified  loads  of  central 
stations.  On  actual  utility  output,  estimated  output  of  all  water  wheels, 
and  estimated  energy  available  from  undeveloped  water  power,  refer  to 
tables  3  and  6. 
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exhaustion  of  regional  fuels,  and  public  policy  regard- 
ing interconnection  of  power  facilities,  conservation  of 
fuel,  and  development  of  water  resources  are  likely  to 
change  these  interregional  differences  in  the  economic 
position  of  hydro.  Both  the  regional  differences  and 
the  likelihood  of  changes  in  regional  differences  are  to 
be  kept  in  mind  as  qualifications  of  any  tentative  gen- 
eralization about  the  general  economic  position  of 
hydro. 

Our  energy  requirements  may  be  thought  of  in  the 
broad  classifications  of  light,  power,  heat,  and  specific 
requirements  for  electricity.  In  viewing  the  require- 
ments for  light,  power,  and  heat  we  need  to  note  both 
how  great  is  the  extent  of  likelihood  that  electricity 
will  be  used  and  whether  the  current  required  is  likely 
to  come  from  the  central  station  of  an  electric  utility. 
If  it  does  come  from  a  central  power  station,  the  com- 
parative present  importance  of  water  power  in  meeting 
the  requirement  may  be  gauged  rouglily  by  reference 
to  the  relative  magnitude  of  utility  hydro  output  in 
the  several  States  and  regions.^"  Allowance  should  be 
made  for  the  fact  that  the  larger  basin-unit  projects 
completed   or   in    process   of   construction — especially 

"Table  3  and  figure  3. 


those  of  the  Tennessee,  the  Colorado,  and  the  Colum- 
bia— raise  both  the  likelihood  that  the  energy  require- 
ment will  be  met  with  electricity  and  the  proportion  of 
the  electric  requirement  likely  to  be  met  from  hydro 
plants. 

Light 

Electricity  has  unquestioned  predominance  for  light- 
ing. Within  reach  of  utility  transmission  lines,  far  the 
larger  part  of  the  current  for  lighting  is  from  central 
stations. 

Some  industrial  plants  and  mines  not  reached  by 
utility  transmission  lines  have  their  own  genera tmg 
plants.  The  extension  of  utility  netwoi-ks  has  defi- 
nitely reduced  the  proportion  in  this  group.  Some  of 
the  larger  estates,  farms,  and  dairies  also  have  small 
generating  plants,  but  they  also  tend  to  take  their  cur- 
rent from  central  stations  as  rural  transmission  lines 
are  extended. 

In  transportation,  for  obvious  reasons,  current  for 
lighting  is  mainly  from  fuel-driven  generators.  Occa- 
sionally large  commercial  or  industrial  establishments, 
for  special  reasons  to  be  considered  presently,  may  have 
their  own  generating  plants  and  provide  their  own 
light. 
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Power 

Domestic  Power 

Motorized  houseliold  appliances  are  used  very  widely. 
Estimates  indicate  more  than  10  million  each  of  vacu- 
um cleaners,  washing  machines,  and  electric  clocks, 
and  over  9  million  electric  refrigerators  at  the  end  of 
1936.  Radios  (socket  sets)  were  said  to  number  over 
21  million.  Oil-burner  appliances  wei'e  estimated  at 
1,175,000.  Energy  used  for  appliances  in  1937  (a 
smaller  average  number  than  that  at  the  end  of  the 
year)  was  estimated  at  more  than  10  billion  kilowatt- 
hours,  of  which  about  58  percent  was  for  motorized 
items  and  i-adios,  the  i-emainder  being  for  heating  ap- 
pliances. Refrigerators  and  radios  reflect  the  normally 
greater  contimiity  of  use,  the  former  being  estimated 
to  have  used  about  32  percent  of  the  total  appliance  use 
and  radios  about  16  percent.  The  total  load  attribut- 
able to  domestic  motorized  equipment  and  radios  is 
larger  than  that  attributable  to  domestic  lighting,  ac- 
cording to  these  estimates.'" 

Such  domestic  requirements,  of  course,  are  almost 
entirely  met  from  central  stations;  and  what  was  said 
above  regarding  water  power  with  respect  to  lighting 
holds  for  the  other  domestic  uses. 

Power  Requirements  in  the  Commercial  Buildings 

The  larger  hotels,  apartment  buildings,  stores,  and 
office  buildings  commonly  require  power  for  elevators 
and  for  motorized  cleaning  equipment.  Refrigeration 
constitutes  an  added  re([uirement  in  hotels  and  apart- 
ments. A  considerable  and  increasing  number  of  the 
conmiercial  buildings  have  mechanical  stokers  and  some 
kind  of  motorized  ventilating  or  air-conditioning  ma- 
chinery. In  nian^'  stores  one  finds  more  or  less  use  of 
cutting  machines,  grinders,  mixers;  and  electric  sewing 
machines  are  likely  in  the  larger  tailoring  and  altering 
departments. 

In  some  very  large  commercial  buildings  the  neces- 
sity of  bulk  steam  generation  for  heating  may  make 
provision  of  light  and  power  from  the  same  plant  more 
economic.  But  ordinarily  the  power  requirements  for 
commercial  buildings  will  be  supplied,  along  with 
lighting,  from  central  stations. 

Power  for  the  Industrial  Plant 

Power  fur  stationary  industi'ial  machinery  is  sup- 
plied in  part  from  power  systems  constructed  as  part 
of  the  plant  and  in  part  by  motors  driven  with  pur- 
chased energy,  usually  purcha.=ed  from  central  stations. 
Motors  using  purchased  energy  constituted  a  decidedly 
increasing  proportion  of  the  total  installed  horsepower 
in  industrial  plants  in  recent  years.  The  latest  census 
figure  available  on  power  equipment  in  manufacturing 


(that  for  1929)  showed  more  than  half  of  the  aggregate 
horsepower  in  that  classification.  In  mines  and  quar- 
ries the  proportion  was  not  far  below  two-thirds. 
There  is  no  doubt  that  electrification  has  increased 
greatly  since  1929. 

Some  large  industrial  plants  generate  part  or  all  of 
their  own  power.  This  practice  often  arises  in  con- 
nection with  special  heating  requirements,  to  which  we 
shall  revert  presently.  Sometimes  the  special  i-eason 
lies  in  the  availability  of  great  amounts  of  combustible 
waste,  such  as  that  of  a  large  sawmill.  Aside  from 
these  special  considerations,  a  company  may  find  the 
power  available  for  purchase  inadequate  or  too  costly. 
But  the  company  making  such  choice,  unless  it  is  free  to 
locate  at  or  near  a  water-power  site,  has  not  the  same 
freedom  that  the  utility  company  has  in  reaching  .Avater 
power,  because  of  the  lack  of  the  right  of  eminent 
domain. 

Power  in  Transportation 

Electric  street  and  interurban  railways  are  numerous. 
A  few  steam  railroads  have  outstanding  electrified  sec- 
tions, and  a  large  nunibor  have  electrified  portions  of 
some  importance.  In  1936  the  Federal  Power  Commis- 
sion found  2,768  route-miles  and  6,441  track-miles  in 
electi'ified  sections  of  steam  railroads.  Dense  traffic,  of 
course,  generally  characterized  these  electrified  portions. 
The  Commission  reported  that  approximately  9  billion 
kilowatt-hours,  about  11  percent  of  the  electric  power 
generated  for  public  consumption,  were  used  in  trans- 
portation. Approximately  one-sixth  of  this  was  used 
for  traction  purposes  by  the  steam  railways.  Several 
thousand  route-miles  of  additional  electrification  are 
considered  feasible  by  the  Commission,  as  are  additional 
terminal  electrifications.'* 

Technically,  electrification  might  be  applied  to  any 
of  the  railroads  and  to  highway  vehicles  operating  on 
schedules  over  fixed  routes.  Cost  of  railroad  electrifica- 
tion does  not  usually  seem  justified  except  in  dense 
traffic  areas;  but  railroad  electrification  for  less  dense 
traffic  may  come  to  have  wider  appeal  in  large  regions 
of  scarce  fuel  and  abundant  water  power,  such  as  the 
Pacific  Northwest.  At  present,  most  railroad  traffic  is 
drawn  by  steam  engines. 

Nearly  all  power  vehicles  for  the  highway  and  all 
airplanes  are  moved  by  internal-combustion  engines. 
On  the  water  most  small  power  craft  and  many  larger 
ones  are  propelled  by  internal-combustion  engines.  Far 
the  largest  part  of  the  tonnage  on  the  water,  however, 
is  moved  by  steam  engines  or  turbines." 


^'Edison  Electric  Institute  Bulletin,  March   1937,  p.  74. 


'»  Federal  Power  Commission,  National  Power  Survey,  Power  Series 
No.  4,  pp.' 1-21. 

•"At  the  end  of  1937,  oce.ingoing  iron  and  stoel  vessels  of  2,000 
gross  tons  and  over  in  the  United  States  merchant  marine  aggregated 
7,990.682  gross  tons.  The  total  classed  as  driven  by  reciprocating 
engines   was   4,587,681    gross   tons:    that   by    turbine.    Including    turbo- 
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Tkiis,  transi^ortation  requirements  for  energy  are 
predominantly  fuel  requirements.  Altliough  freight 
and  passenger  volume  hauled  with  electric  motors  or 
likely  to  be  so  hauled  is  relatively  large,  in  view  of  the 
dense  traffic  usually  associated  with  electric  haulage, 
much  the  larger  mileage  of  railways,  far  the  most  of 
our  highway  traffic,  and  all  of  our  water  traffic  (except, 
conceivably,  in  some  narrow  canals)  will  remain  de- 
pendent on  fuels. 

An  important  point  to  be  noted  is  that  a  verj'  large 
proportion  of  transportation  moves  by  the  use  of  oil. 
Highway  traffic  in  overwhelmingly  the  large  part  is 
carried  by  the  internal-combustion  motor.  Of  43,624 
steam  locomotives  in  service  on  Class  I  railroads  at  the 
end  of  1937,  6,5'48  were  equipped  with  oil  burners.^" 
Most -of  our  oceangoing  tonnage  is  moved  by  motor, 
engine,  or  turbine,  M-ith  energy  from  petroleum.-^  Arid 
the  Navy,  of  course,  also  moves  largely  with  oil  as  fuel. 
The  strategic  significance  of  oil  and  oil  products  for 
transportation  and  for  the  Navy  is  so  great  as  to  estab- 
lish this  use  definitely  as  one  of  the  preferred  uses  for 
oil. 

Heating 

Both  in  the  home  and  in  industry,  the  uses  of  elec- 
tricity through  heating  units  is  increasing  signifi- 
cantly; but  the  use  of  electricity  for  space  heating  is 
very  limited,  and  its  use  for  process  heating  is  mainly 
restricted  to  processes  for  which  high  heat  subject  to 
close  control  is  important.  The  reason  should  be  noted. 
It  lies  primarily  in  the  fact  that  even  in  the  better  gen- 
erating plants  only  25  to  30  percent  of  the  energy  in 
fuel  is  transformed  into  electrical  energy.  Efficiency 
of  furnace  an(^  boiler  in  the  typical  central  station  is 
undoubtedly  much  liigher  than  that  of  the  typical 
heating  plant  in  domestic,  commercial,  or  industrial 
buildings.  Heat  losses  from  residences  or  commercial 
buildings  probably  more  than  offset  the  transmission 
losses.  But  a  part  of  the  process  of  operating  the 
steam  turbine  typically  involves  an  enormous  loss  (de- 
liberate removal)  of  heat  at  the)  condenser,  such  heat 
ordinarily  flowing  out  into  lake  or  stream  with  the 
cooling  water."    Where  sustained  ordinary  heating  is 

electric,  2.866,225  gross  tens.  U.  S.  Maritime  Commission,  Ocean 
Going  Merchant  Fleets  of  Principal  Maritime  Nations,  Report  No,  1100 
(Dec.  31,  1937),  p,  1. 

'"  Interstate  Commerce  Commission,  Statistics  of  Railways  of  the 
United  States,  1S37,  pp.  S-12,  S-14. 

"■  V.  S,  Maritime  Conunission,  loc.  cit. 

^As  an  example  ot  the  significance  of  this  loss,  engineering  esti- 
mates were  presented  in  New  England  nearly  15  years  ago  indicating 
that  in  industrial  plants  operating  generators  the  cost  per  Iiilowatt- 
hour  was  about  half  or  less  than  half  as  much  In  plants  making  use 
of  steum  or  warm  water  after  use  at  the  generator  as  at  plants  not 
doing  so.  Main,  Charles  T..  Harriman.  Henry  I.,  and  Jackson.  Dugald 
C,  "Power  Requirements  and  Sources  of  Supply  of  New  England," 
Journal  of  the  Boston  Society  af  Civil  Engineers,  Vol.  XI,  No.  5  (May 
1924),  pp.  203-204. 


required,  burning  the  fuel  on  the  premises,  even  in  a 
furnace  much  less  efficient  than  that  of  the  central  sta- 
tion, will  make  more  of  the  heat  available  than  can 
under  present  methods  be  made  available  from  a  fuel- 
electric  station  over  the  electric  transmission  line. 

If  the  available  electricity  happens  to  be  from  a 
hj'dro  jjlant,  the  economic  principle  involved  is  not 
changed.  Most  of  our  electricity  is  generated  from 
fuels,  and  the  economic  value  of  hydroelectric  energy 
is  properly  calculated  in  terms  of  the  cost  from  the 
alternative  fuel  source. 

Domestic  Heating  Uses  of  Electricity 

Heavy  sales  of  domestic  electric  appliances  have 
characterized  the  market  in  recent  years.  Mention  was 
made  above  of  the  motorized  equipment.  There  is  no 
definite  record  of  the  number  of  heating  appliances  in 
use.  The  following  estimated  numbei"s  of  specified  ap- 
pliances suggest  their  apijroximate  prevalence  at  the 
end  of  1936 :  " 

Kilowatt-hours  per 
year  per  appliance. 
Number  normal  use 

Flatirons 21,750,000  80 

Toasters 10,250,000  30 

Percolators 6,  000, 000  36 

Space  heaters 4,  500, 0(K»  50 

Ranges 1,450,000  1,350 

Ironing  machines 1,175,000  125 

Water  heaters 432,  000  3, 000 

Roasters 375, 000  250 

The  noticeable  thmg  about  most  of  these  items  is  that 
they  are  used  a  very  minor  percent  of  the  time:  the 
flatiron  and  the  ironing  machine  typically  a  few  hours, 
i:)erhaps  a  day,  a  week;  the  toaster  ordinarily  a  few 
minutes  at  breakfast  time ;  the  percolator  perhaps  a 
little  more.  And  the  fact  that  the  estimated  average 
consumption  for  a  space  heater  is  less  than  twice  that 
for  a  toaster  reflects  the  limited  use  of  the  space  heat- 
ers. Comi^arison  of  the  average  total  domestic  con- 
sumption of  700  to  800  kilowatt  hours  with  the  esti- 
mated requirement  for  the  range  or  the  water  heater 
suggests  reasons  for  their  very  limited  u.se. 

Estimates  of  use  of  energy  through  these  heating  ap- 
l^liances,  given  in  connection  with  the  figures  cited,  in- 
dicated that  about  42  percent  of  the  total  energy  for 
domestic  electric  appliances,  including  motorized  items 
and  radios,  was  used  in  heating  appliances.  Close  to 
one-third  of  this  heating  total  was  for  ranges,  more 
than  one-fourth  for  flatirons,  and  more  than  one-sixth 
for  water  heaters.  Less  than  one  percent  was  allo- 
cated to  space  heaters. 

It  is  an  item  of  definite  experience  that  these  appli- 
ance sales  have  constituted  an  important  market  and 


'Edison  Electric  Institute  Bulletin,  Vol.  5,  March  1937,  p.  74. 
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tliat  with  luwcr  rates  for  electricity  a  definite  stimulus 
is  noted.  The  predominant  sales  and  use  in  most  sec- 
tions, however,  involve  the  occasional  use,  not  sustained 
heating.  The  low  rates  offered  in  the  Pacific  North- 
west will  serve  as  a  test  on  enlarged  use  of  electricity 
for  sustained  heating  purposes  in  the  home. 

Wood  is  used  for  domestic  heat  in  many  rural  sec- 
tions and  even  in  certain  urban  sections  to  which  wood 
is  easily  available  and  comparatively  cheap  in  relation 
to  cost  of  mineral  fuel.  In  terms  of  the  bulk  national 
market,  however,  the  major  fuels  for  domestic  heating 
are  coal  (and  coke),  oil,  and  natural  gas.-* 

Commercial  and  Industrial  Heating 

With  little  exception,  sjiace  heat  for  commercial  or 
industrial  buildings,  like  that  for  the  home,  nuist  be 
had  from  fuels.  In  a  relatively  limited  number  of 
large  commercial  establishments,  the  operation  of  a 
generating  plant  in  connection  with  the  heating  plant 
is  found  economic.  More  frequently  the  large  indus- 
trial plant,  having  to  deal  not  only  with  space  heating, 
but  also  with  process  heating,  finds  it  economic  to  gen- 
erate electricity  for  its  own  light  and  power,  and  pos- 
sibly also  for  electrical  processing.  Even  smaller 
plants  having  relatively  large  requirements  for  steam 
for  processing  purposes  often  find  it  economic  to  gen- 
erate steam  at  a  pressure  adequate  for  operation  of  a 
turbine  and  use  the  steam  for  generating  electricity  on 
its  way  into  the  heating  pipes.  Such  special  instances 
of  the  generation  of  electricity  as  a  joint-product  with, 
or  a  byproduct  of,  heating  are  mentioned  l)ecanse  they 
often  constitute  important  limitations  on  the  use  of 
central  station  power.  A  kindred  limitation  is  found 
in  those  plants  having  large  amounts  of  combustible 
waste  suitable  for  heat  and  for  generation  of  power. 

For  industrial  heat-processing  as  a  whole,  the  main 
dependence  is  on  fuel.  Marked  advance,  however,  has 
taken  place  in  use  of  electricity  in  electrothermal  proc- 
esses. Mainifacturing  groups  chosen  to  represent  the 
large  users  of  electricity  in  processing  were  reported 
to  have  used  close  to  12  billion  kilowatt-hours  in  1936, 
of  which  a  total  of  about  .5.6  billions  appears  in  the 
classification  "electrothermal"  and  the  separately 
shown  items  for  electric  furnace  iron  and  electric  heat 
treating."    Such  total  is  equivalent  to  approximately 


"  For  instructive  data  on  residential  fuels  In  urban  areas,  refer  to 
the  following :  U.  S.  Department  of  Commerce,  Bureau  of  Foreign  and 
Domestic  Commerce.  Real  Property  Inventory — 1SS!{,  Summary  and 
Sixty-Four  Cities  Combined.  Bureau  of  Business  Research.  University 
of  Pittsburgh.  Ileal  Property  Inventory  of  Allegheny  County  (which 
shows  Pittsburgh  and  other  political  subdivisions  in  the  county  sep- 
arately and  Is  tabulated  by  census  tracts).  Philadelphia  Surveys, 
Report  of  Philadelphia  Real  Estate  Survey,  19Si.  New  York  City  Hous- 
ing Authority,  Real  Property  Inrentory,  City  of  New  York.  Federal 
Emergency  Relief  Administration,  The  Bituminous  Coal  Industry,  With 
a  Survey  of  Competing  Fuels. 

^  Refer  to  Federal  Power  Commission,  Power  Requirements  in  Elec- 
trochemical and  Electrometallurgical  and  Allied  Industries   (1938). 


5  percent  of  the  electricity  produced  for  public  use  in 
1936.  Energy  not  for  public  use,  i.  e.,  not  from  central 
stations,  is,  of  course,  included.  The  ratio  probably  is 
closer  to  4  percent  of  the  total  use  of  electricity  in 
1936. 

Summary  and  Interpretation  of  Competitive  Relationship 

Water  power  is  best  used  in  the  production  of  elec- 
tricity, and  nearly  all  the  developed  water  power  is 
so  used.  Primary  competition  of  water  power  with 
fuels,  therefore,  relates  to  the  demand  (and  more  likely 
potential  demand)  for  electricity.  The  residential 
market  for  electricity  is  for  general  lighting,  for 
power  in  widely  prevalent  motorized  domestic  equip- 
ment, and,  Avith  the  exception  of  a  few  sections,  for 
relatively  minor  cooking  and  space  heating.  The  com- 
mercial and  industrial  market  is  for  lighting,  power 
for  stationarj'  machinery  (some  mobility  within  the 
lilant  is  recognized),  possible  limited  space  heating, 
and  electrical  processing.  Because  of  the  ease  and  in- 
creasing practice  of  substituting  electric  motors  for 
steam  power  in  industrial  plants,  the  increasing  im- 
portance of  electrical  processing,  and  the  increasing 
relative  dependence  on  central  stations,  that  portion  of 
the  energy  market  in  wliich  water  power  may  be  the 
source,  instead  of  fuel,  is  enlarging. 

Competition  of  hydro  with  fuel-generated  power,  of 
course,  also  means  competition  with  the  production  of 
coal,  oil,  and  natural  gas.  (The  only  considerable  use 
of  wood  for  steam-raising  is  in  the  great  lumber  re- 
gions, the  wood  fuel  being  waste.) 

In  net  national  effect  such  competition  with  fuels 
has  meant  not  so  much  actual  displacement  of  fuels  as 
the  limitation  in  the  increase  of  fuel  use;  in  some  sec- 
tions there  has  been  positive  displacement.  If  it  is 
to  be  supposed  that  competitive  adjustments  have  been 
made  to  the  costs  of  the  several  types  of  fuels,  such 
tlisplacement  would  merely  strike  at  the  fuel  plants  in 
the  weakest  market  position  with  respect  to  relative 
cost  of  electrical  energy  from  fuel.  This  does  not 
necessarily  mean  the  plants  that  are  technologically 
least  efficient.  Presumably  the  very  growth  in  the  use 
of  oil  and  gas  has  reflected  a  market  preference,  com- 
petitively considered.  It  is  not  reasonable  to  suppose, 
therefore,  that  water  power  in  the  areas  burning  some 
of  each  fuel  would,  acting  alone,  selectively  displace 
high-grade  coal,  oil,  or  gas.  A  discussion  of  this  point 
appears  in  chapter  6,  under  the  heading,  "Water-Power 
Policy  and  Fuels  Policy." 

Geogi-aphic  selection  probably  woidd  mean  some- 
thing. For  example,  water  power  near  the  Atlantic 
seaboard  might  displace  a  substantial  amount  of  fuel 
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oil,  as  well  as  coal;  water  power  in  the  middle  south 
and  in  the  southwest  might  displace  much  oil  and  gas, 
as  well  as  coal ;  water  power  in  the  Pacific  section  would 
displace  oil  and  gas  mainly. 


A  genuine  conservation  policy  for  oil,  gas,  and  high- 
grade  coals,  however,  cannot  be  left  to  hang  on  geo- 
graphic accident.  A  positive  fuels  policy  must  accom- 
pany a  water  joower  policy. 


CHAPTER  6.— DESIRABLE  ELEMENTS  OF  PUBLIC  POLICY  ON  WATER  POWER 


The  term  "public  policy,"  as  used  here,  means  the 
general  cast  and  direction  of  public  action  through 
government.  The  question  "What  public  policy  is  de- 
sirable with  reference  to  water  power?"  means  "What 
should  our  Government  do  about  water  power?",  which, 
in  turn,  means  "Toward  what  broad  objective  should 
our  Government  aim  with  respect  to  water  power?" 
and  "What  general  character  of  action  seems  most 
likely  to  lead  toward  that  objective?"  In  view  of 
the  Federal  composition  of  our  Government,  decision 
on  character  of  action  necessitates  decision  on  alloca- 
tion of  responsibility,  and  of  authority  in  keeping  with 
that  responsibility,  between  the  Federal  Government, 
on  the  one  hand,  and  the  States  on  the  other. 

General  Orientation 

Production  of  power  from  falling  water  is  an  eco- 
nomic activity,  whatever  its  other  characteristics  and 
impingements.  Part  of  our  economic  activity  is  car- 
ried on  by  government.  Construction  and  maintenance 
of  highways  would  be  accepted  as  an  obvious  example. 
Generally,  however,  we  consider  that  the  larger  part 
of  our  economic  activity  is  carried  on  by  private  enter- 
prise. Toward  private  enterprise,  tliere  are  many  kinds 
of  governmental  actions  representing  many  degi'ees  of 
intent  to  restrain  and  many  degrees  of  intent  to  encour- 
age. To  illustrate  the  range,  we  seek  to  restrain  or  to 
abolish  the  private  enterprise  of  selling  fraudulent  se- 
curities, but  we  seek  by  positive  and  rather  costly  means 
to  encourage  the  industries  of  aviation  and  ocean  ship- 
ping. 

In  the  field  of  water  power,  existing  public  policy  in- 
cludes the  whole  range  from  prohibition  of  develop- 
ments that  might  interfere  with  other  policies,  through 
regulation  of  private  hydro  development,  to  outright 
public  ownership  and  operation  of  water-power  plants. 
The  policy  problem  arises,  presumably,  because  such 
range  encompasses  incongi-uity  and  conflict  or  because 
it  is  not  adapted  to  new  objectives.  To  arrive  at  a  new 
policy  might  mean  curtailment  of  the  existing  range  of 
policy.  It  might  mean  a  much  greater  emphasis  at 
some  points  in  the  range,  the  effect  of  such  increased 
emphasis  being  to  subdue  or  to  eliminate  some  aspects 
of  existing  policy. 

In  formulating  a  judgment  on  the  desirable  kind 
of  water-power  policy,  we  shall  reduce  the  probability 
of  error  if  we  keep  in  mind:  (1)  that  energy  is  only 


one  of  numerous  economic  requirements;  (2)  that  water 
power  is  only  one  of  several  important  sources  of 
energy;  and  (3)  that  use  of  falling  water  as  a  source 
of  energy  is  only  one  of  several  important  uses  of  the 
water  running  in  our  streams. 

Regarding  the  first  of  the  three  items,  only  its  gen- 
eral implications  lie  within  the  scope  of  this  report. 
First,  an  energy  resources  policy  is  no  cure-all.  Sec- 
ond, any  energy  resources  policy  must  be  weighed  at 
the  outset  and  continually  reweighed  in  terms  of  its 
consistency  with  broader  economic  policy.  Govern- 
mental policies  on  economic  matters  extend  through  a 
long  record  of  tariffs,  land  grants,  subsidies,  protective 
legislation  for  weaker  groujis,  prohibitory  legislation 
against  economic  malefactors,  controls  over  money  and 
banking,  and  special  tax  measures.  Furthermore,  such 
measures  are  attacked  or  defended  in  terms  of  their 
injury  to  or  promotion  of  the  broad  economic  interest. 
To  ask  that  an  energy  resources  policy  be  viewed  thus 
in  terms  of  the  national  economy  is  but  to  ask  enlight- 
ened extension  of  very  old  practices  of  judgment  on 
public  matters. 

Tlie  other  two  items  will  be  considered  separately,  in 
the  following  sections. 

Water-Power  Policy  and 
Fuels  Policy 

The  general  competitive  relationship  between  water 
power  and  fuels  has  been  reviewed  in  chapter  5.  Wa- 
ter power  may  displace  fuels  in  the  generation  of  elec- 
tricity, either  directly  through  causing  the  shutdown  of 
fuel-electric  plants,  or  indirectly  through  forestalling 
the  expansion  of  use  of  fuel.  This  fact  underlies  the 
logic  of  developing  water  power  as  one  means  of  aiding 
in  the  conservation  of  scarce  fuels. 

In  view  of  the  threat  to  our  supply  of  oil,  gas,  and 
high-grade  coals,  it  is  probably  not  enough  to  seek 
merely  to  prevent  increasing  use  of  these  scarce  re- 
sources. An  effective  conservation  policy  seems  rather 
to  call  for  iJositive  curtailment  of  their  use.  But  active 
develo23ment  of  water  power  would  not  selectively  dis- 
place only  the  fuels  we  wish  to  conserve.  It  would  dis- 
place some  of  all  fuels;  and  the  fact  that  oil  and  gas 
have  noticeably  displaced  coal  indicates  that,  under 
existing  market  circumstances,  coal  often  is  marginal 
and  often  would  be  displaced  first.  Therefore,  to  what- 
ever extent  water  power  is  meant  as  an  aid  in  conser- 
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vation  of  scarce  fuels,  the  water-power  jwlicy  must  be 
accompanied  by  policies  aimed  positively  at  restraining 
the  less  economic  uses  of  scarce  fuels.-* 

Water  Power  and  Other  Water- 
Resources  Problems 

Meanwiiile,  control  of  water  resources  cannot  be 
merely  a  water-power  problem.  Power  production 
from  streams  must  be  handled  with  due  regard  for  flood 
control,  navigation,  soil  conservation,  irrigation,  water 
supply,  pollution  abatement,  and  other  special  uses  of 
water.^'  Not  all  these  problems  are  found  in  every 
stream,  but  two  or  more  are  likely  to  be  found  in  even 
minor  streams,  and  most  or  all  are  probable  in  the  great 
rivers.  Both  complement  of  purj^ose  and  conflict  of 
purpose  lie  in  this  array  of  water  problems.  For  e.xam- 
ple,  water  storage  in  rainy  seasons  for  release  in  drier 
seasons  may  reduce  destruction  by  flood,  increase  firm 
powei',  maintain  depth  of  water  for  navigation,  assure 
continuity  of  public  and  industrial  water  supply,  and, 
througli  limiting  relative  pollution  in  dry  seasons,  main- 
tain a  better  quality  of  water  supply.  On  the  other 
hand,  use  of  too  great  a  proportion  of  possible  water- 
storage  space  to  increase  jjower,  to  facilitate  continuous 
deep-water  navigation,  or  to  increase  possible  irrigation 
will  leave  insufficient  storage  for  flood  control. 

These  relationships  will  be  noted  with  more  care  pres- 
ently. For  the  moment,  the  purpose  is  merely  to 
demonstrate  that  water-power  policy,  already  seen  as 
inevitably  related  to  other  parts  of  our  energy-resources 
policy,  also  is  inevitably  related  to  other  aspects  of  our 
water-resources  policy. 

Multiple  Purpose  and  Basin  Unit 

Without  storage  of  water  in  times  of  larger  run-off, 
the  ma.ximnm  of  normal  firm  power  is  set  by  the  mini- 
mum of  normal  stream  flow.  In  a  humid  section,  50 
or  60  percent  of  the  annual  run-off  may  be  of  inter- 
mittent rises  or  floods ;  in  some  of  the  arid  western  sec- 
tions where  streams  are  fed  mainly  by  thaw  of  snow  in 
the  mountains,  75  per  cent  of  the  run-off  may  pass  as 
a  great  wave  w-ithin  a  comparatively  small  part  of  the 
year.-'  These  great  swells  of  water  are  useless  for 
power,  except  to  the  extent  that  they  are  caught  in 
reservoirs  and  held  back  so  that  their  use  can  be  syn- 
chronized with  load  requirements.  Indeed,  they  may 
seriously  interfere  with  power  production  by  raising 
the  water  level  on  the  downstream  side  of  the  dam  and 
reducing  useful  head  during  the  periods  of  high  water. 

•'  Such  policies  arc  discussed  above  in  Section  I  on  coal,  and  Section  II 
on  oil  and  gas. 

'"  National  Resources  Committee,  Drainage  Basin  Problems  and  Pro- 
grams  (1937  Revision),  p.  v. 

«  W.  G.  Hoyt,  Water  Storage  in  the  United  States  as  of  January  1SS8, 
U.  S.  Geological  Survey  (Preliminary  mimeographed  report,  subject  to 
revision),  p.  2. 


We  have  noted  in  an  earlier  section  that  potential 
horsepower  measure  by  arithmetic  mean  flow  was  esti- 
mated in  1936  at  about  3i/^  times  that  measured  by  low 
flow,  after  allowance  for  the  lift  of  low  flow  by  existing 
storage.  AVithout  for  the  moment  contending  over  the 
advisable  extent  of  storage,  we  may  readily  conclude 
that  great  additions  to  firm  power  are  physically  pos- 
sible through  storage  and  controlled  release  of  the  run- 
off in  streams. 

Power  production,  however,  is  only  one  of  the  pur- 
poses of  storage.  Prior  to  1930  most  storage  reservoirs 
were  each  for  a  single  primary  purpose.  Aside  from 
power  reservoirs  the  more  usual  jjurposes  were  public 
water  supply  and  irrigation.  In  addition,  a  number  of 
temporary  storage,  or  retarding,  reservoirs  had  been 
built  for  flood  control,  such  as  those  on  the  Miami  River 
in  Ohio.  There  were  also  some  projects  of  storage  for 
navigation,  such  as  those  associated  with  the  Erie  Canal. 
Since  1930  there  have  been  several  projects  for  huge 
multiple-purpose  reservoirs  in  extensive  basin  plans.^* 
Lake  Mead  (Boulder  Dam)  is  an  example  of  the  super 
reservoir  of  multiiDle-purpose  type.  Norris  Lake  is 
part  of  a  multiple-purpose  series.  These  projects  are 
of  the  basin-unit  type;  i.  e.,  they  each  involve  practi- 
cally a  whole  stream  and  its  major  feeders.  Why 
muUi^jle  purpose?    Why  basin  unit? 

Each  of  the  single-pur2)ose  types  of  storage  resei'- 
voirs  mentioned  above  is  for  the  purpose  of  some  con- 
trol of  stream  flow.  Storage  for  power,  for  navigation, 
or  for  flood  control  results  in  reducing  flow  at  certain 
times  and  in  increasing  it  at  other  times.  The  timing 
of  release  for  power  or  for  navigation  at  upstream 
reservoirs  has  compulsory  influence  on  the  timing  of 
uses  downstream. 

Storage  for  water  supply  or  for  irrigation  is  for 
diversion.  It  reduces  flow  at  some  times  but  never 
provides  a  later  compensating  flow.  Such  projects, 
tlierefore,  affect  the  timing  and  reduce  the  total  avail- 
ability of  water  downstream. 

Storage  for  flood  control  is  merely  for  purpose  of 
retardation.  If  the  time  of  release  is  not  coordinated 
with  other  releases,  natural  or  controlled,  upstream  or 
downstream,  it  may  increase  the  catastrophe  of  flood. 

Any  storage  reservoir  floods  an  upsti'cam  area.  It 
bars  any  other  dam  in  the  flooded  area.  It  limits  the 
height  of  any  other  dam  for  some  distance  downstream. 
And  choice  of  a  suitable  storage  reservoir  site  is,  in 
effect,  appropriation  of  a  natural  retarding  basin — a 
wide  bowl  with  a  narrow  throat  at  the  downstream 
side.  That  is,  a  storage  reservoir  in  a  good  site  but 
without  supplementary  storage  provision  for  flood  con- 
trol may  increase  the  catastrophe  of  flood. 


»  /bid.,  pp.  2-38. 


276 


National  Resources  Committee 


Any  dam  witlioiit  locks  is  a  bar  to  navigation  and  to 
the  floating  of  timber.  Also,  without  special  passage- 
way, it  is  a  bar  to  the  passage  of  fish. 

In  short,  a  significant  storage  reservoir  in  any  im- 
portant stream  is  inevitably  a  multiple-effect  project. 
The  only  conceivable  method  of  reaching  the  most  bene- 
ficial— or  least  harmful — set  of  multiple  effects  in  use  of 
our  water  resources  is  to  design  and  operate  the  con- 
trols in  terms  of  the  several  necessary  or  desired  objec- 
tives, i.  e.,  as  multiple-purpose  projects. 

The  coordinated  designs  and  the  controls  of  a  multi- 
ple-purpose project  inevitably  relate  to  the  main  stem 
of  a  stream  and  to  its  principal  feeders.  That  is,  most, 
or  all,  of  the  basin  is  involved.  Hence,  the  multiple- 
pui'pose  project  must  be  designed  in  terms  of  the  basin 
or  subbasin  unit. 

Clearly  not  all  basins  and  subbasins  will  soon  be  so 
developed.  But  partial  public  development  or  grants 
of  privilege  for  private  development  should  be  such  as 
to  fit  into,  or  to  interfere  as  little  as  possible  with, 
future  multijjle-purpose,  basin-unit  designs.^" 

Power  in  the  Multiple-Purpose  Project 

The  essential  logic  of  a  basin-unit  system  is  that  of 
coordinated  regulation  of  stream  flow  through  storage 
and  controlled  release.  Storage,  no  matter  for  what 
main  purpose,  creates  a  head  of  water.  Except  in  the 
instance  of  conflict  of  use  for  power  with  a  more 
urgent  jjurpose,  head  of  water  represents  at  least  a  pos- 
sibility of  power.  Probably  it  would  be  admitted  that 
in  most  basins  a  substantial  part  of  the  storage  may 
legitimately  be  for  the  primary  purpose  of  power. 
What  of  power  from  projects  with  respect  to  which 
some  other  purpose  is  primary? 

The  most  obvious  and  most  discussed  conflict  of  pur- 
pose in  use  of  water  resources  relates  to  flood  control 
and  power.  Since  flood  control  is  of  great  urgency  in 
so  many  basins,  one  may  appear  to  demolish  all  concept 
of  wisdom  in  production  of  water  power  by  the  pat 
observation  that  an  empty  reservoir  will  not  run  tur- 
bines and  a  full  reservoir  will  not  catch  floods.  With 
respect  to  a  particular  reservoir,  the  observation  is  in 
point,  but  it  is  not  thereby  conclusive.  That  one  reser- 
voir might  be  reserved  for  flood  control  and  another  on 
the  same  stream  used  for  power  probably  stumps  no 
one.  Neither  should  it  stump  anyone  that  part  of  a 
single  reservoir  be  resei'ved  for  flood  and  part  be  used 
for  power.  Indeed,  it  would  often  cost  less  to  provide 
flood-control  space  in  the  same  reseiwoir  with  power 
space  than  to  build  a  separate  reservoir.  And  it  should 
not  be  forgotten  that  storage  to  prevent  the  ordinarily 
low  flow  of  dry  seasons  is  itself  flood  pi-evention  in  that 


"'  A  proTii?ion  in  that  general  direction  was  enacted  in  1920  :  Federal 
Water  Potcer  Act,  Sec'.  7. 


better  sustained  ordinary  flow  tends  to  maintain  clear 
channels.  If  the  conflict  really  were  irreconcilable,  wa 
should  be  forced  to  abolish  private  water-power  plants 
on  every  stream  system  recjuiring  flood  control.  If 
private  power  and  public  flood  control  vciay  harmonize, 
one  may  believe  the  same  of  public  power  and  public 
flood  control. 

There  is  no  conflict  of  purpose  whatever  in  running 
public  water  supply,  irrigation  water,  or  navigation 
water  through  a  turbine  during  the  periods  of  release 
from  storage.  Granted  that  a  primary  purpose  other 
than  power  may  determine  quantity  and  periods  of 
continued  release,  nevertheless  such  release  may  pro- 
vide a  considerable  amount  of  economic  power.  In  the 
instance  of  headwaters  storage  aimed  at  general  assur- 
ance of  summer  flow,  the  release  maj'  provide  extra 
power  when,  because  of  scarcity  and  high  temperature 
of  cooling  water,  fuel-plant  costs  are  higher.  But 
particnlarlj'  relevant  is  the  fact  that  in  the  multiple- 
purpose  scheme,  including  power  installation,  whatever 
water  must  be  released  for  downstream  purposes  may 
go  through  the  turbines,  either  adding  to  total  available 
power,  if  needed,  or  reducing  the  storage  allowance 
necessary  for  power. 

In  short,  there  is  no  irreconcilable  conflict  in  the 
basin  unit  plan  between  flood  control  and  power  pro- 
duction; and  nonpower  primary  purposes  other  than 
flood  control  ma}'  dovetail  to  a  great  extent  with  power 
production.  The  essential  logic  of  the  multiple-pur- 
23ose  basin-unit  stream-control  plan,  therefore,  clearly 
permits  considerable  allowance  for  power  production; 
and  power  development,  providing  substantial  offset  in 
cost  of  stream  control  as  well  as  facilitating  conserva- 
tion of  fuels,  is  economic  and  wise. 

Federal  Power  Production 

The  use  of  water  for  power  production  is  inextricably 
interwoven  with  other  uses  of  water  resources.  The 
multiple-purpose  plan  seems  undoubtedly  best  suited 
to  basin  solutions  of  water  pi'oblems.  No  flood  control 
of  consequence  has  been  effected  by  private  business. 
Many  jDower  companies  are  interested  in  water  power, 
but  as  power  comjjanies  they  cannot  on  a  business  basis 
handle  the  other  water  problems.  Public  utility  water 
companies  are  interested  in  jjublic  water  sujDply  but 
cannot  handle  other  water-resources  problems  on  a  busi- 
ness basis.  Rarely  has  a  stream  been  much  developed 
for  navigation  on  a  private  basis.  No  merely  private 
operation  will  take  care  of  pollution.  Irrigation  de- 
velopments of  the  more  successful  sort  are  quasi-public 
or  outright  public  projects.  What  all  this  siuns  up  to 
is  that,  judged  from  experience,  only  a  limited  part  of 
the  needed  development  of  a  stream  may  be  expected 
from  private  business.  In  other  words,  while  private 
business  has  done  well  some  things  in  the  field  of  water 
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resources,  nowhere  has  private  development  handled  all 
of  tlie  things  needed;  and  often  what  has  been  done 
privately  was  in  conflict  witii  other  proper  utilization 
of  water  resources. 

Much  that  must  be  done  with  streams,  therefore,  must 
be  done  by  government.  Since  doing  the  job  as  a  unit 
seems  best,  and  since  government  must  do  part  of  it, 
government  nuist  carry  on  with  the  multiple-purpose 
development.    But  what  government? 

Most  of  the  important  streams  are  interstate  streams, 
which  is  to  say  that  most  nuijor  streams  reach  beyond 
State  jurisdiction.  A  State  can  do  significant  woi-k  in 
intra-State  subbasins  or  on  a  main  stem  segnu'nt  \\  ithin 
the  State.  But  no  such  development  of  signiiicant  effect 
on  .stream  flow  could  go  forward  without  a  coordination 
of  the  different  State  works.  Interstate  compacts  have 
not  proved  widely  effective  for  positive  accomplish- 
ment. With  respect  to  interstate  streams,  then,  the 
conclusion  seems  inevitable  that  coordinated,  economic 
development  is  utterly  impossible  except  in  tciins  of 
Federal  basin  plans. 

Federal  Rasin  Plans  and  Older 
Public  .Stream-Control  Works 

Basin-unit  schemes  under  way  are  both  recent  and 
few.  Every  significant  stream  in  the  country,  however, 
aheadj'  has  some  works,  public  or  private,  for  control 
and  utilization  of  water.  Federal  drainage  basin  plans, 
therefore,  must  provide  for  dealing  with  thes3  older 
works.  Private  works  will  be  reserved  as  a  special  case 
for  llie  following  section.  The  older  public  water- 
control  works  will  be  considered  liere  briefl;,-. 

lliver  works  of  the  Federal  Government,  until  very 
recent  years,  have  related  primarily  to  navigation,  irri- 
gation, or  flood  control.  How  much  of  either  we 
should  have  is  subject  to  debate.  But  we  do  have  works 
for  such  purposes  and  the  tendency  is  to  increase  them. 
And  it  is  hardly  debatable  that  these  purposes  can  be 
served  better  by  coordinated  water-control  plans  than 
by  isolated  works.  In  otlier  words,  while  adaptations 
or  replacements  will  no  doul)l  be  necessary,  these  older 
Federal  works  are  no  grave  obstacle  to  basin  planning. 

Some  States  or  localities  having  works  for  similar 
purposes  ma}-  object  to  having  their  works  merged  into 
larger  plans.  Such  merger  may  not  always  be  neces- 
sary; but,  if  it  is,  the  essential  promise  of  better  per- 
formance justifies  assertion  of  the  Federal  power  over 
navigable  streams. 

Local  works  for  water  supply  are  numerous  and 
more  will  be  needed.  But  one  of  the  major  purposes  of 
far-reaching  stream  control  is  the  undebatable  purpose 
of  assuring  a  more  abmidant  public  water  supply  of 
better  quality.  Xo  conceivable  public  plan,  therefore, 
is  in  conflict  with  the  ])urpose  met  by  a  municiiial 
water-supply  reservoir.    If  a  particular  reservoir  were 


structurally  out  of  harmony  with  a  basin  |)lan.  it  would 
be  so  only  because  the  plan  provided  for  more  storage, 
rather  than  less,  at  the  site. 

In  the  Pacific  section,  there  are  some  important 
municipal  water-power  plants.  In  the  area  of  the 
hydro  plants  sujjplying  cities  on  Puget  Sound,  the  one 
other  major  water  problem  is  flood  control.  Part  of 
that  control  would  be  provided  by  additional  storage 
to  guard  against  summer  shortage  of  water  and  in- 
crease the  year-round  assurance  of  power.  Additional 
flood  control  is  possible  with  retarding  basins  in  no 
wise  in  conflict  with  the  public  power  plants.  In  Cali- 
fornia, thoroughgoing  water  controls  are  jieeded  for 
public  water  supply  and  for  irrigation.  Extensive 
storage  for  these  purposes  would  aid  materially  toward 
the  flood  control  which  is  badly  needed  in  spots. 
Meanwhile,  increased  power  from  such  storage  would 
be  quite  in  line  with  the  need  to  check  the  iirodigal  use 
of  gas  and  oil. 

In  short,  it  is  hardly  possible  to  find  conflict  of  pur- 
pose between  older  public  water-control  works  and  co- 
ordinated plans  to  serve  the  same  purposes  betlei-. 
But  for  older  works  structurally  at  odds  with  a  better 
plan,  a  bold  policy  of  adaptation  or  of  replacement  is 
to  be  commended. 

Federal  Basin  Plans  and  Private 
Water-Power  Plants 

Multiple-jjurposc  projects  of  basin-wide  scope  will, 
in  most  instances,  involve  dealing  with  private  water- 
I)ower  plants  already  in  the  streams.  Structurally,  a 
private  dam  and  reservoir,  remaining  private,  would 
prevent  the  erection  of  any  dam  in  the  private  reser- 
voir area ;  and  it  would  set  a  definite  limit  on  the  level 
of  any  reservoir  constructed  on  the  downstream  side;. 
Oi>eratively,  to  prevent  jeopardy  to  the  operation  of 
the  private  plant  would  set  a  distinct  limit  on  the  vol- 
ume pattern  of  upstream  storages  and  releases  and 
would  set  a  limit  on  the  level  attained  by  downstream 
storage  or  flood  retardation.  In  smaller  tributaries 
and  headwaters  the  effect  would  be  at  least  to  prevent 
the  best  design  for  storage  and  flood  retardation.  In 
the  main  stem  a  private  plant  not  only  would  be  able 
to  dictate  a  majoi-  limitation  of  design  but  also  would 
be  able  to  set  distinct  limits  on  oiieration  of  water  con- 
trols in  the  neighboring  downstream  sector  and  for  the 
whole  upstream  part  of  the  river  system. 

At  the  same  time,  maintenance  of  its  strictly  private 
character  would  prevent  realization  of  the  full  economy 
of  interconnected  operation  of  hydro  plants. 

AVhile  constituting  an  obstacle  to  the  best  basin-unit 
design  and  operation,  the  private  plant  would  be  in  a 
position  to  appropriate  the  increased  useful  power 
made  available  by  public  storage  upstream  for  regu- 
lation of  flow  downstream.    It  seems  doubtful  that  the 
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legal  provision  for  assessment  for  such  benefits  would 
prove  to  be  a  satisfactory  remedy. 

We  have  noted  previously  that  private  business  can- 
not be  expected  to  do  the  several  things  other  than 
power  production  that  must  be  done  in  economic  con- 
trol and  use  of  water  resources.  Here  it  is  necessary 
to  add  tliat  preservation  of  existing  private  interest  in 
water-power  plants  probably  would  often  be  essentially 
in  conflict  with  the  multiple-purpose  basin-unit  plan. 
Thus,  if  the  elementary  aims  of  a  comprehensive  water 
resources  program  are  to  be  attained,  the  policy  toward 
private  water-power  plants  whose  separate  private  op- 
eration is  at  odds  with  the  more  economic  basin  plan 
should  eventually  be  that  of  purchase  and  absorption 
into  public  hydro  systems. 

Policy  of  Active  Water-Power  Development 

Most  of  the  preceding  policy  considerations  sum  up 
broadly  to  the  effect  that  whenever  water-power  de- 
velopments are  undertaken,  they  should  be  governed 
by,  or  shaped  in  the  direction  of,  designated  lines  of 
public  policy.  There  are  excellent  reasons,  however, 
for  a  positive  Federal  policy  of  developing  water 
power. 

The  most  compelling  reason  for  such  a  policy  lies  in 
the  need  for  conservation  of  petroleum,  natural  gas, 
and  high-grade  coals.  Our  use  of  these  things  has 
been,  and  continues  to  be,  so  prodigal  that  the  pinch  of 
restricted  supply  and,  therefore,  of  rising  costs,  can 
hardly  be  far  ahead.  That  pinch  cannot  be  perma- 
nently avoided,  but  it  can  be  long  postponed. 

Water  power,  so  far  as  we  can  judge,  is  in  practical 
terms  a  permanent  resource.  Use  of  water  power  as  a 
source  of  energy,  therefore,  is  a  sane  step  in  the  con- 
servation of  petroleum,  natural  gas,  and  superior  coals. 
To  be  sure,  active  development  of  water  power  with- 
out active  measures  to  conserve  the  scarce  mineral  fuels 
will  not  be  very  effective  in  conservation.  But  no  such 
one-sided  policy  is  reconrnaended.  That  water-power 
policy  is  inevitably  a  fuel  policy  has  been  emphatically 
recognized  in  preceding  pages.'"*  That  use  of  water 
power  can  be  an  important  aid  in  conserving  special 
fuels  is  obvious. 

Certain  aspects  of  this  conservation  need  are  directly 
related  to  the  problem  of  national  defense :  oil-burning 
battleships;  gasoline-driven  airplanes,  trucks,  and 
tanks ;  metallurgical  coke.  One  need  not  dwell  on  such 
unquestioned  defense  needs.  But  water  power  has 
another  key  significance  in  national  defense.  The  de- 
fense angle  of  interconnection  of  power  plants  has 
been  discussed  in  a  preceding  section.  Water-power 
plants  are  of  vast  importance,  even  if  consideration  be 


">"  Fuel  resources,  the  problem  of  scarce  fuels  and  the  elements  of  a 
fuels  policy  are  discussed  elsewhere  in  this  report,  by  Glenn  E.  Mc- 
Laughlin  (on  oil  and  gas)   and  Wilbert  G.  Fritz   (on  coal). 


restricted  to  the  sheer  fact  of  geographic  continuity  of 
power  interconnection  that  will  prevent  power  short- 
age in  strategic  centers  in  time  of  war.  Beyond  this, 
however,  the  more  water-power  plants  we  have  to  lean 
on,  the  less  likely  we  are  to  be  hamstrung  by  fuel 
shortage  in  time  of  war.  It  hardly  requires  demonstra- 
tion that  maximum  practical  use  of  water  power  in 
time  of  war  would  lighten  the  demand  for  labor  in 
mining,  transportation,  and  the  utility  industry. 

Fortunately,  we  have  been  and  hope  to  be  at  peace 
most  of  the  time.  When  not  at  war  or  not  seemingly 
threatened,  we  may  think  of  an  active  water-power 
policy  in  relation  to  some  of  our  internal  ills,  which 
might  easily  turn  out  to  be  more  destructive  than  any 
external  foe.  The  grim  facts  of  wholesale  poverty  and 
unemployment  in  a  Nation  of  our  resources  do  not 
make  social  sense  under  any  sane  definition.  Cheaper 
living  and  more  opportunity  to  earn  it  are  essential. 
Cheaper  electricity  is  an  essential  for  those  attain- 
ments. Public  development  of  water  power  is  one 
method  of  getting  generally  cheaper  electricity. 

Aside  from  reasons  for  development  of  water  power 
as  a  primary  aim,  it  is  hardly  in  point  to  forget  the  pos- 
sibilities of  joint-product  or  byproduct  power  from  proj- 
ects whose  primary  aims  relate  to  other  problems.  Ex- 
cept the  temporary  retarding  of  run-off  in  flood  control 
works  having  no  other  purpose,  the  solution  of  the 
various  water-control  problems  require  storage  and 
controlled  release  of  water.  Storage  creates  head,  and 
head  of  water  released  for  any  downstream  purpose 
can  be  used  to  turn  turbines  when  it  is  released.  Mean- 
while, storage  requires  dams;  and,  if  dams  must  be 
built,  the  additional  cost  of  providing  for  and  install- 
ing electric  generators  is  not  relatively  large.  And  a 
policy  of  active  development  of  water  power  should 
embrace  the  best  practicable  use  of  power  made  inci- 
dentally available  in  works  not  aimed  primarily  for 
power. 

Steam-Driven  Plants  in  Connection 
With  Federal  Hydro  Plants 

From  past  experience  with  hydroelectric  plants,  the 
judgment  prevails  widely  that  the  most  economical 
development  of  water  power  is  in  conjunction  with 
steam  plants.  The  reasoning  back  of  that  judgment  is 
that,  although  hydro  has  been  very  useful  in  many 
sections  for  peak  demands,  the  normally  low  flow  of 
streams  at  certain  seasons  has  made  it  necessary  gen- 
erally to  carry  base  loads  on  steam-driven  generators. 
For  an  isolated  system,  with  hydro  capacity  not  regu- 
larized by  storage  (or  by  an  unusually  sustained  natu- 
ral stream  flow  like  that  at  Niagara),  the  steam-driven 
capacity  had  to  be  sufficient  to  carry  not  only  the  base 
load  the  year  around  but  also  most,  if  not  all,  of  the 
peak  load  during  dry  seasons.     Consequently,  the  iso- 
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lated  system  could  not  economically  develop  water 
power  unless  the  resultant  savings  from  part-time  oper- 
ation of  hydro  plants,  largely  or  totally  closed  down  in 
dry  seasons,  would  justify  a  duplication  of  a  substantial 
part  of  the  generating  capacity  of  steam  plants.  Be- 
cause of  differences  among  regions  with  respect  to  wet 
seasons,  dry  seasons,  and  load  characteristics,  part  of 
the  shortcomings  of  irregular  water  jjower  are  over- 
come by  interconnection  of  water  power  plants.  Here 
and  there,  use  of  storage  has  lifted  linn  liydro  power 
well  above  the  low  flow,  increasing  the  magnitude  of 
base  load  that  could  be  carried  on  hydro  plants  and 
decreasing  the  degree  of  dependence  on  fuel  plants. 
But  storage  has  not  been  used  to  a  great  extent  until 
i-ecently.^^  In  other  words,  the  firm  power  available 
through  hydro  plants  has  not  generally  been  lifted 
much  above  that  available  at  normal  low  stream  flow. 
Of  course,  such  plants  were  economical  only  in  con- 
junction with  steam  plants. 

There  is  large  firm  jDower  provided  in  such  designs 
as  those  of  the  Federal  hydro  projects  on  the  Colo- 
rado, the  Columbia,  and  the  Tennessee.  In  the  Pa- 
cific coast  area,  minimum  dependence  on  steam  plants 
is  exactly  in  line  with  the  national  need  to  check  the 
great  consumption  of  gas  and  oil  for  steam  raising  in 
western  utility  and  industrial  plants.  Even  for  the 
Tennessee  Valley,  in  spite  of  abundant  coal  in  the  same 
region,  careful  development  of  firm  power  may  well 
be  in  point  because  of  the  prodigal  use  of  gas  and  oil 
in  neighboring  areas. 

But  the  relation  of  fuel  plants  to  hydro  plants  in 
the  attainment  of  system  balance  cannot  be  judged 
merely  in  terms  of  those  areas  in  which  there  are  spe- 
cial reasons  for  extraordinarily  large  water  storage 
and  unusual  opportunity  for  such  storage.  In  many 
basins,  the  best  practicable  use  of  storage  and  of  plant 
interconnection  will  not  eliminate  the  cramping  effect 
of  low  flow  in  dry  seasons.  In  most  iistances,  the  im- 
mediate or  eventual  base  load  is  likely  to  be  beyond 
the  firm  power  capacity  of  a  strictly  hydro  system. 
Dependence  on  steam  plants  will  remain;  and  where 
such  dependence  remains,  the  economy  of  at  least  part 
of  the  base  load  on  steam  plants  and  fluctuating  load 
on  hydro  will  still  hold  true. 

Economical  operation  of  the  tie-up  of  steam  plants 
and  hydroelectric  plants  requires  control  in  one  set  of 
hands  in  any  one  regional  system.  The  objectives  jus- 
tifying Federal  development  of  streams — both  the  ob- 
jective of  active  development  for  cheaper  power  and 
the  objective  of  developing  storage  for  nonpower  pur- 


"  Among  our  all-purposes  storage  reservoirs  havlog  20  thousand  or 
more  acre-feet  of  capacity  each,  those  completed  since  1930  and  those 
under  construction  at  the  beginning  of  193S  will  provide  as  much  stor- 
age as  all  those  in  existence  in  1930.     Hoyt,  W.  G.,  op.  cit.  p.  40. 


poses — could  hardly  be  served  if  the  Government 
hydroelectric  plants  were  turned  over  to  private  util- 
ities. Attuiiunent  in  the  direction  of  those  objectives, 
therefore,  seems  certain  to  necessitate  a  Fedei-al  policy 
of  building  or  buying  necessary  fuel  plants  wherever 
the  hookup  of  Federal  hydro  plants  with  steam  plants 
is  an  economic  requirement.  Clearly,  such  building  or 
buying  should  not  operate  to  focalize  unjust  penalty  on 
the  regional  private  interests  displaced.  The  cost  of 
national  policy  should  be  nationally  distributed. 

Summary  on  Policy 

An  active  public  policy  of  multiple-purpose  develop- 
ment of  water  resources  is  desirable,  in  view  of  the 
pressing  character  of  problems  related  to  flood  control, 
public  water  supply,  stream  pollution,  irrigation  (in 
the  West),  and  navigation,  and  in  view  of  positive  rea- 
sons for  public  development  of  water  power.  An  ac- 
tive policy  of  public  development  of  water  power  is 
likewise  desirable.  Both  development  directly  for 
power  purposes,  M'here  there  is  no  conflict  with  more 
urgent  water  control,  and  the  best  feasible  use  of  head 
made  available  by  storage  for  other  purposes  would 
contribute  toward  the  attainment  of  three  major  na- 
tional objectives,  namely : 

(a)  Conservation  of  scarce  fuel  materials — petro- 
leum, natural  gas,  and  high-grade  coals. 

{b)  Strengthening  the  national  economy  through 
bringing  about  cheaper  electricit}'  more  widely  avail- 
able. 

(c)  Strengthening  the  national  defense,  through  bet- 
ter assurance  of  ample  electrical  enei'gy  in  time  of  war. 

Multiple-purpose  plans  for  stream  development 
aimed  at  the  several  important  purposes,  including 
direct  or  incidental  power  production,  should  be  de- 
signed and  executed  in  terms  of  drainage  basins  or 
major  subbasins.  Efficacy  of  controls  requires  deal- 
ing with  the  main  stem  of  a  stream  and  with  all  im- 
portant tributaries.  The  Federal  Government  should 
have  primary  authority  and  i-esponsibility  for  the  de- 
sign and  execution  of  these  multiple-purpose  drainage 
basin  j^lans  for  development  and  conservation  of 
water  resources.  Private  business  firms  cannot  be  ex- 
pected to  undertake  the  several  important  nonpower 
functions  which  cannot  j'ield  salable  j^roducts.  Moi-e- 
over,  private  business  firms  cannot  be  expected  even  to 
bring  about  the  most  economic  development  of  water 
power,  because  the  necessary  storage  does  not  seem  to 
be  generally  justifiable  for  power  alone.  State  and 
municipal  projects  that  harmonize  with  Federal  de- 
sign are  quite  possible  and  to  be  expected ;  but  because 
of  the  interstate  character  of  most  of  our  important 
streams  and  the  international  character  of  some,  Stat© 
jurisdiction  is  too  limited  for  the  drainage  basin  plan. 
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Federal  policy  should,  in  general,  embrace  eventual 
purchase  and  absorption  of  private  water  power  plants 
where  separate  private  operation  conflicts  with  a  more 
economic  basin  plan.  Preservation  of  such  private  in- 
terest in  a  stream  would  usually  prevent  both  thor- 
oughgoing design  and  the  best  coordination  of  water 
controls.  Federal  policy  on  development  of  water 
power  should  embrace  the  building  or  the  acquirement 
of  steam  plants  in  connection  with  any  hydro  develop- 
ment needing  steam-driven  capacity  for  sound  balance 
of  system  capacity.     The  location  of  such  plant  need 


not  be  in  the  immediate  basin  area,  for  the  same  plant 
properly  placed  might  serve  as  the  steam  supplement 
of  two  or  more  basin  hydro  systems. 

Design  of  the  power  system  in  any  of  the  basin  de- 
velopments should  include,  in  accord  with  the  best 
technologv'  of  power  transmission,  the  best  practicable 
interconnection:  {a)  of  the  several  plants  within  a 
basin  system,  {h)  with  neighboring  basin  systems 
within  the  reach  of  economic  transmission,  and  (c) 
with  the  steam  capacity  built  or  acquired  to  balance 
capacity. 


PART  TWO  — SECTION  I 
FUEL  RESERVES  OF  THE  UNITED  STATES 


CILXPTER  1.— COAL  RESERVES 

By  T.  A.  Hendricks* 


Colli  supplies  moiu  lluui  luili  oi  ihe  totul  energy  used 
annually  in  the  United  States,  although  tlie  rapid  in- 
crease in  use  of  petroleum  and  steady  increases  in  use 
of  natural  gas  and  water  power  since  1900  have  reduced 
the  percentage  of  energy  supplied  by  coal  from  about 
90  in  1900  to  about  57  in  1936.  (See  fig.  1.)  In  addi- 
tion, our  coal  reserves  constitute  about  99  percent  of 
the  total  energy  that  is  derival)le  from  all  of  the  proved 
reserves  of  mineral  fuels  in  the  United  States.  Ac- 
cordingly, the  adequacy  of  our  coal  reserves  is  a  matter 
of  real  national  interest.  Fortunately,  they  can  be  de- 
termined willi  a  relatively  high  degree  of  accuracy  that 
is  not  possil)li'  in  dt'tt'iinining  tlie  total  resources  of 
petroleum  and  natural  gas,  wliicli  are  to  a  certain  degree 
unpredictal)ii'.  The  adecjuacy  of  the  coal  reserves,  how- 
ever, is  dependent  on  unpredictable  future  changes  and 
increases  in  utilization  to  a  far  greater  degree  than  on 
such  known  factors  as  present  and  past  rates  of  pro- 
duction. As  tlie  supplies  of  oil  and  gas  from  natural 
reservoirs  diminish,  the  large  future  sovu-ce  of  energy 
now  supplied  by  both  oil  and  gas  will  lie  in  part  at  least 
in  the  great  reserves  of  coal.  Another  important  fac- 
tor that  may  further  increase  the  demands  on  our  coal 
reserves  is  the  rapid  depletion  of  coal  of  high  rank  and 
quality  in  many  foreign  countries.  Such  increased  for- 
eign dei)letion  may  result  in  increased  exi)oi-lalion  of 
coal  from  the  United  States.  Therefore,  tlie  future  de- 
mands on  our  coal  reserves  are  not  quantitatively  pre- 
dictable but  nuiy  be  assumed  to  be  far  in  excess  of  the 
maximum  production  for  any  year  in  the  past  (678,211,- 
904  net  tons  in  1918). 

The  life  exi)ectancy  of  our  coal  reserves  has  been 
variously  estimated  to  be  as  great  as  4,000  years  and  as 
little  as  a  few  hundred  years.  The  probability  is  that 
it  lies  between  tliose  two  extremes.  Even  if  coal  should 
be  called  ujjon  at  some  time  in  the  future  to  supply  the 
demands  now  met  by  oil  and  gas,  the  coal  reserves  of 
the  United  States  would  last  about  2,000  years  at  the 
maximum  rate  of  consumption  of  energy  from  mineral 
fuels  in  the  past  (approximately  23,400  trillion  B.  t.  u. 
in  1920)  and  assuming  a  30  percent  loss  of  coal  in 
mining. 

Past  and  present  mining  of  coal  has  been  for  the  most 
part  confined  to  the  more  easily  accessible  and  higher 


Table  1. — Estimated  coal  reserves  of  the  United  States 
[Net  tons  and  billions  of  B.  t.  u.] 


Rank  of  coal 

Reserves  in  net 
tons ' 

Average 
B.  t.  u. 

per 
pound 

Reserves  In 

billions  of 

B.  t.  u. 

Anthracitic    .  ..-.....-. 

16,416,602.000 

1.407,808.291,000 

818,083,894,000 

939,457,443,000 

12,700 
13,700 
9,600 
6,700 

391,656,290 

Bituminous  .,. .- 

38,573.947,173 

Subbitumiuous 

15,543,593,986 

Lignite                ... 

12,588,729,736 

Total 

3, 180,  765,  230,  000 

67, 097, 827,  IBS 

>  See  table  3. 

quality  coals.  Thus,  the  percentage  depletion  of  our 
total  coal  supply  is  of  less  immediate  concern  than  is 
the  much  more  rapid  depletion  of  our  high  quality  coals, 
sucii  as  tiie  coals  of  the  East  that  are  suitable  for  metal- 
lurgical coke. 

Advances  in  the  efficiency  of  utilization  of  coal  as 
well  as  other  fuels  have  acted  to  prolong  the  life  of  the 
national  reserves,  and  it  is  probable  that  future  ad- 
vances in  mining  tecluiique  and  utilization  will  extend 


•Geological  Survey,  U.  S.  Department  of  the  Interior. 
129960—39 19 


FiGUHB  1. — Percentage  of  Total  Energy  Supplied  by  Mineral  Fuels  and 
Water  Poyver  (.\fter  A.  C.  Fieldner).  Prepared  by  the  Geological 
Survey,  Department  of  the  Interior.  Data  from  Coal  Economics 
Division.  Bureau  of  Mines.  The  fuel  equivalent  of  water  power  is 
taken  at  the  prevailing  average  of  all  central  stations  for  each  year, 
declining  from  6.4,5  pounds  per  kilowatt-hour  in  1902  to  1.44  pounds  in 
1936. 
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the  expected  life  of  our  coal  reserves  even  further.  The 
degree  to  which  such  advances  will  offset  increased  de- 
mands for  coal  in  the  future  is  not  ^predictable,  and  it 
is  probable  that  some  tecluiologic  advances  will  even  re- 
sult in  the  application  of  coal  to  entirely  new  uses,  thus 
increasing  the  demands  on  our  reserves. 

Because  our  coal  reserves  constitute  a  great  future 
source  of  energy,  their  production  and  utilization  is  a 
problem  of  major  importance  to  the  future  of  the 
country. 

Coal  Reserves  of  the  World 

According  to  the  latest  estimates  ^  the  coal  reserves 
of  the  world,  by  continents,  are  as  follows : 

Net  tons 

Americas 5,  627,  823,  500,  000 

Asia 1,  410, 487,  600,  000 

Europe 864,  412, 600,  000 

Oceania 187,  842,  900, 000 

Africa 62,  755,  900,  000 

Total 8, 154,  322,  50O,  000 

The  United  States  claimed  4,202,000,000,000  tons  of 
the  amount  contained  in  the  Americas,  or  51  percent  of 
the  total  coal  of  the  world.  Listed  according  to  coal 
reserves  as  estimated  in  1913,  the  principal  coal-produc- 
ing countries  of  the  world  stand  as  follows : 

Table  2. — Coal  reserves  of  the  world,  hy  countries 

'Net  tons 

United  States,  including  Alaska 4, 231, 352,  000,  OOO 

Canada 1, 360,  535,  000,  OOO 

China 1, 097,  436, 000,  000 

Germany 466,  665, 000,  000 

Great  Britain  and  Ireland 208, 922,  000,  000 

Siberia 191,  667,  000,  OOO 

Australia 182,  510, 000,  000 

India 87, 083,  000,  OOO 

U.  S.  S.  R.  in  Europe 66,255,000,000 

Union  of  South  Africa 61, 949,  000,  000 

Austria 59,387,000,000 

Colombia 29,  763,  000,  000 

Indo-China 22,  048,  OOO,  000 

France 19, 382,  000,  000 

Other  countries 69,369,500,000 

Total 8, 154,  322,  500,  000 

Since  the  publication  of  those  estimates  of  reserves 
there  has  been  a  considerable  reduction  of  the  estimated 
reserves  of  the  United  States  to  the  present  figure  of 
3,180,765,230,000  net  tons.  See  table  1.)  As  corrected 
figures  are  not  available  for  the  coal  reserves  of  other 
countries,  it  is  impossible  to  determine  the  effect  of  this 
revision  on  the  relation  of  the  reserves  of  the  United 
States  to  those  of  the  entire  world. 


^  The  Coal  Resources  of  the  World:  An  inquiry  made  on  the  initia- 
tive of  the  executive  committee  of  the  XII  International  Geological 
Congress,  Canada,   1913,  Morang  &  Co.    (Ltd.),  Toronto.  Canada. 


Distribution  of  Coal  in  the  United  States 

The  areal  distribution  of  coal  in  the  United  States  is 
shown  on  tlie  coal  map  (fig.  2).  From  that  map  it  is 
apparent  that  large  areas  of  coal  lands  are  present  in  or 
near  all  parts  of  the  country  except  the  Pacific  coast 
region. 

On  that  map  the  coals  have  been  divided  into  several 
ranks  (anthracitic,  including  anthracite  and  semi- 
anthracite  ;  low-volatile  bituminous ;  medium-  and  high- 
volatile  bituminous;  subbituminous :  and  lignite). 
Those  divisions  have  been  made  because  coals  of  dif- 
ferent ranks  are  adaptable  to  different  uses. 

In  general,  the  coals  west  of  Oklahoma.  Kansas,  and 
Iowa  are  of  low  rank.  High  quality  coking  coals  are 
present  in  only  a  few  areas  in  the  Western  States,  the 
most  important  places  being  the  Raton-Trinidad  area 
of  Colorado  and  New  Mexico  and  the  Sunnyside  area 
of  Utah. 

From  a  study  of  the  percentage  distribution  of  the 
coal  reserves  (table  4)  it  is  seen  that  the  gi-eat  volume 
of  our  coal  is  represented  by  the  low-rank  coals  of  the 
West,  whereas  the  major  part  of  our  high-rank  coals 
lies  in  the  much  smaller  reserves  of  the  East. 

Explanation  of  the  Estimates  of  Reserves 

An  estimate  of  the  mineral  resources  of  a  region 
must  be  based  on  a  combination  of  facts  and  assump- 
tions. Consequently,  the  basis  for  any  estimate  must 
be  known  before  that  estimate  can  be  properly  evalu- 
ated or  used  intelligently.  For  that  reason,  tlie  fol- 
lowing statements  are  given. 

The  accompanying  estimates  of  the  coal  resources 
of  the  United  States  are  based  primarily  on  the  esti- 
mates prepared  for  the  Geological  Survey,  United 
States  Department  of  the  Interior,  in  1928  by  M.  R. 
Campbell.  The  estimates  of  original  tonnage  made  by 
Campbell  have  been  accepted  without  modification. 
Tlie  amoiuits  of  coal  produced  and  the  amounts  lost  in 
mining  and  marketing  have  been  brought  up  to  date 
as  of  January  1.  1937. 

The  data  used  by  Campbell  in  computing  the  origi- 
nal tonnages  of  the  various  ranks  of  coal  are  given 
below. 

Numher  and  extent  of  coal  fieMs.— The  mmiber  and 
extent  of  the  various  coal  fields  of  commercial  interest 
in  the  United  States  have  been  well  established  by  field 
work  of  the  Geological  Survey.  United  States  Depart- 
ment of  the  Interior,  and  the  various  State  geological 
surveys.  Little  information  is  available  about  some 
small  coal  areas,  and  estimates  of  their  resources  are 
little  more  than  guesses.  However,  the  total  resources 
of  such  small,  little-known  areas  constitute  only  a  small 
percentage  of  the  total  for  the  entire  country. 
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Table  3. — Coal  resources  of  the  United  Stales 

(A)  tte  oriciDSl  tonnage  of  tbe  Tafiou!  ranks  of  coal  by  States,  (B)  the  amounts  produced,  (C)  the  estimated  losses  in  mining  and  marketing,  and  (D)  the  estimated  reserves  of 

available  coal  at  the  end  of  1936,  all  in  net  tons  (2,000  pounds)) 


State 

Symbol 

Anthracitic  coal 

Bituminous  coal 

Subbituminous 
coal 

Lignit« 

Alabama 

A 

B 
C 
D 
A 
B 
C 
D 
A 
B 
C 
D 
A 
B 
C 
D 
A 

67.570,000,000 

615,526,287 

327,  090,  668 

66,627,383.000 

697.000.000 

3.186.830 

1.693.481 

692. 120,  000 

1,396,000,000 

67,201,147 

35,710,689 

1,29,1.088.000 

213.071.000,000 

296.428.300 

157.521,998 

212.617.050,000 

933.000,000 

10,908,240 

5,796.638 

916.295.000 

201,400.000.000 

2.354,278.599 

1,251,063.647 

197. 794.  658.  000 

53. 051. 000.  000 

703,  325,  .536 

373,747,189 

51,973,927.000 

Arizona,  Califomifti  Idabo,  and  Orecon 

1,757,000.000 
2,462,862 
1,308,844 

1,753,228,000 

Arkansas            -    — ---                    -           -      -— -      -.  .--  --- 

230, 000, 000 

4,770,461 

2,535,022 

222,69.5,000 

100,000,000 

5,612,778 

2,982,630 

91,405,000 

90  000,000 

Coloiado... . 

104,176,000,000 
81,643,060 
43,385.122 

104,049,972,000 

Georgia  — ........ . . .. . .......... 

B 

C 

D 

Illinois 

A 

B 

r 

T> 

A 
B 
C 
D 

V 
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Table  3. — Coal  resources  of  the  United  States — Continued 


State 

Symbol 

Anthracitic  coal 

Bituminous  coal 

Subbituminous 
coal 

Lignite 

A 

B 

C 

D 

A 

B 

C 

D 

A 

B 

C 

D 

A 

B 

C 

D 

A 

B 

C 

D 

A 

B 

C 

D 
A 

B 

C 

D 
A 
B 
C 

D 
A 
B 
C 
D 
A 
B 
C 
D 
A 
B 
C 
D 
A 
B 
C 
D 
A 
B 
C 
D 
A 
B 
C 
D 
A 
B 
C 
D 
A 
B 
C 
D 
A 
B 
C 
D 
A 
B 
C 
D 
A 
B 
C 
D 

29,160,000,000 

305, 101, 700 

162,131,043 

28.692,767,000 

30,  000.  000.  OUO 

226.171,028 

120,187,284 

29,653,642.000 

123.327.000.000 

1,162,882,950 

617,955,999 

121,546,161,000 

8, 043,  000. 000 

238.397.589 

126.684.478 

7,677.918,000 

2,  000.  000. 000 

43.354.145 

23, 038.  392 

1.933.607.000 

84. 000,  000. 000 

208, 194, 999 

110,634,822 

83,681,170,000 

2,655,000.000 

23.  466.  200 

12.469,938 

2,  609, 060, 000 

18,925,000,000 

74,781,947 

39,739,126 

18,810,479,000 

68,  000.  000 

1,217,664 

647,066 

66.135.000 

62,985,000,000 

88,012,377 

46,769,777 

62, 850,  218, 000 

1,906,000,000 

28, 272, 828 

15,024,180 

1,862,703,000 

315,474,000,000 

624,947 

332, 090 

315,473.043.000 

100,000 
26,000 
7,800 
66,000 

600.000.000,000 

35,572,335 

18,903,138 

699.945.625,000 

93,967,000,000 

1,310,369,078 

696.  330. 128 

91.960.301,000 

64.951.000.000 

127, 430. 303 

67.716.463 

54.  755, 853, 000 

112,148,000,000 

5, 777, 184, 470 

3,069,995,827 

103,300,820,000 

21,000,000,000 
4, 186, 065, 258 
2,224.475.078 

14.589,460,000 

1.020.000,000 

242,  840 

129,045 

1,019,628,000 

26,665,000.000 

244.984.195 

130. 184.  601 

25,289.831.000 

8,000.000.000 

10.  398.  360 

5.  525,  688 

7.  984. 076, 000 

88,184.000.000 

135.  691, 000 

72, 106. 197 

87.976.203.000 

21.149,000.000 

328. 080.  210 

174.341.823 

20,  646.  578. 000 

11.413,000.000 

106,  340,  894 

66,  509,  551 

11,250,150,000 

23,000,000,000 

46,  767, 470 

24,485,223 

22, 928,  747, 000 

5,156.000,000 
2,344,636 
1, 245, 939 

5,152,409,000 

Virffinift 

600, 000, 000 
7,198,430 
3,  825.  245 

488,  976,  000 
23,000.000 

52,442,000,000 

16,768,210 

8,910,626 

52,416,321.000 

600.  000 
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state 

Symbol 

Anthracitio  coal 

Bituminous  coal 

Subbituminous 
coal 

Lignite 

West  Virginia 

A 
B 
C 
D 
A 
B 
C 
D 

152.544.000,000 

3,131,084,708 

1.684,177,262 

147,748,138.000 

30.  663, 000, 000 

161,633,104 

87,486,031 

30,310,881,000 

1,434.880,000,000 

27,071,709,000 

1,407,808,291,000 

98.11 

Wyoming 

690,160.000.000 

105.104.488 

56,  852,  523 

589,999,043.000 

818.581,000,000 

497,106,000 

818,083,894,000 

99.93 

Estimated  original  toDoage                         ...         ............. - 

21,863.100,000 

6,437,498,000 

15, 415, 602, 000 

70.54 

939,584,506,000 

127,057.000 

930,457,443,000 

99.98 

Amount  available  at  end  of  1936                                                                        .- 

Percentage  of  original  tonnage  still  available  .          -.  .- 

Number  and  thickness  of  coal  beds. — In  the  better 
known  fields  of  the  East,  the  number  iiiul  lliickness  of 
the  coal  beds  have  been  fairly  well  determined  by  de- 
veloped mines,  by  surface  prospects,  and  by  drill  holes. 
In  the  West,  the  coal  beds  are  not  generally  so  w'ell 
known  because  there  are  fewer  mines  and  less  drilling 
has  been  done  for  the  purpose  of  testing  the  coals. 
Surface  prospecting,  however,  has  been  carried  on  in 
almost  every  field,  and  this  work,  together  with  natural 
outcrops  of  coal  and  of  the  clinker  produced  from 
burned  coal,  has  given  data  by  which,  for  most  fields, 
fairly  good  estimates  can  be  made. 

Weight  of  coal. — The  weight  of  coal  varies  according 
to  the  rank  of  the  coal,  its  moisture  content,  impurity, 
and  the  nature  of  its  coal-forming  ingredients.  Camp- 
bell assumed  the  average  specific  gravity  of  coal  to  be 
1.3  for  coals  in  general,  and  his  estimates  of  tonnages 
were  made  on  that  basis.  As  a  cubic  foot  of  water 
weighs  62.5  pounds,  a  cubic  foot  of  coal  with  a  specific 
gravity  of  1.3  would  weigh  62.5X1.3  or  81.25  pounds. 
On  this  basis,  an  acre  of  coal  1  foot  thick  would  contain 
about  1,770  net  tons,  and  a  square  mile  of  coal  1  foot 
thick  would  contain  1,132,560  net  tons.  The  assumed 
specific  gravity  of  1.3  is  lower  than  the  average  value 
suggested  by  some  later  determinations,  and  as  a  conse- 
quence, Campbell's  estimates  of  original  tonnages  may 
be  somewhat  lower  than  they  should  be. 

Minimum,  thiclcne.^s  of  7mnahle  coal. — In  commercial 
work,  none  but  beds  that  are  thick  enough  to  be  mined 
at  the  present  time  are  considered,  but  in  estimating  the 
amount  of  ultimately  available  coal,  it  is  necessary  to 
include  the  thinnest  beds  that  will  be  mined  when  all 
the  thicker  beds  have  been  exhausted.  The  minimum 
thicknesses  used  by  Campbell  were  14  inches  for  bi- 
tuminous and  antiiracitic  coals,  2  feet  for  subbitumin- 
ous coal,  and  3  feet  for  lignite. 

Maximum  depth  of  mining. — It  is  recognized  by  all 
engineers  that  as  soon  as  the  coal  beds  near  the  surface 
are  exhausted,  deeper  ones  will  be  mined,  but  there  is 
necessarily  a  limit  in  depth  to  profitable  mining.     The 


only  evidence  on  tliis  i)oint  is  the  depth  to  which  coal 
mining  is  carried  on  today  in  foreign  countries  where 
coal  is  scarce.  As  mining  in  such  countries  has  already 
reached  a  depth  of  more  than  3,500  feet,  it  seems  reason- 
able to  assume  that  eventually  all  coal  beds  within  3,000 
feet  of  the  surface  might  be  considered  easily  accessible 
and  that  beds  at  even  greater  depths  might  be  worked 
at  a  profit.  The  estimates  prepared  by  Campbell  were 
limited  to  a  depth  of  3,000  feet. 

There  is  comparatively  little  coal  in  the  United 
States  that  lies  at  depths  below  3,000  feet,  and  most  of 
that  coal  is  present  in  Western  States  that  have  large 

Tablk  4. — Percentage  of  reserves  of  the  various  ranks  of  coal 
hy  States 


Percentage  of  reserves 

Anthra- 
citic  coal 

Bitumi- 
nous coal 

Subbitu- 
minous coal 

Lignite 

Alabama 

4.73 

.06 

.09 

15.10 

.07 

14.05 

3.69 

2.04 

2.10 

8.63 

.55 

.14 

5.94 

.19 

1.34 

(') 

Arizona,  California,  Idaho,  and 

0.21 

Arkansas 

1.44 

.60 

0  01 

Colorado 

12.72 

Illinois - 

Indiana . 

Iowa 

Maryland .  . 

Michigan 

Montana  .. ....  -      

7.68 
.23 

33  58 

New  Mexico 

(') 

North  Dakota 

63.86 

Ohio --- 

6.63 
3.89 
7.34 

94.64 

South  Dakota 

.11 

Tennessee . 

1.80 
.67 

6.25 

1.47 

.80 

10.49 

2.15 

Tcias 

2.44 

Utah . 

.63 

Virginia 

3.17 
.15 

6.41 

(') 

West  Virginia    . 

W^yoming . .... 

72.12 

'  Less  thanO.OI. 
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reserves  of  coal  of  the  same  rank  as  the  deeply  buried 
coal.  The  maximum  depth  of  3,000  feet  assumed  by 
Campbell  therefore  appears  to  be  reasonable. 

Records  of  production.— The,  production  records  used 
in  preparing  these  estimates  Avere  taken  from  Camp- 
bell's estimates  for  the  period  prior  to  1929,  and  from 
figures  of  the  Bureau  of  Mines,  United  States  Depart- 
ment of  the  Interior,  for  the  period  1929-36,  inclusive. 
In  some  States,  such  as  Colorado  and  Washington,  coal 
of  two  or  moi-e  different  ranks  has  been  mined  in  some 
counties,  and  it  has  been  necessary  to  estimate  the  pro- 
portionate amount  of  coal  of  each  rank  that  has  been 
mined  in  those  counties. 

Losses  in  mining. — An  elaborate  field  investigation  of 
wastes  in  the  mining  of  bituminous  coal  was  made  by 
the  United  States  Coal  Commission  and  the  Bureau  of 
Mines  in  1923.-  The  average  amount  of  coal  lost  in 
mining  was  determined  as  34.7  percent  of  the  amount 
originally  in  the  ground  in  the  area  of  mining.  Thus, 
65.3  percent  of  the  original  coal  tonnage  is  produced, 
and  34.7  percent  is  lost.  The  34.7  percent  lost  is  more 
than    half    (0.5314)    of    the    65.3    percent    produced. 


^  Rice,  G.  S.,  and  Paul,  J.  W.,  "Amount  and  Nature  of  Losses  in 
Mining  Bituminous  Coal  in  Eastern  United  States."  Report  of  the 
United  States  Coal  Commission,  liiiS,  pt.  3.  pp.  1841-76. 


Therefore,  for  each  ton  of  coal  produced,  more  than 
half  a  ton  (0.5314)  is  lost. 

In  the  preparation  of  these  estimates  of  reserves,  the 
losses  in  mining  have  been  computed  by  multiplying 
the  tons  mined  by  0.5314.  The  amount  thus  determined 
has  been  added  to  the  amount  produced  and  the  result- 
ing total  deducted  from  the  estimated  original  tonnage, 
in  order  to  determine  the  estimated  tonnages  of  reserves 
as  of  January  1,  1937. 

Future  mining  losses. — Attention  should  be  called  to 
the  fact  that  the  estimate  of  available  reserves  given  in 
table  3  makes  no  allowance  for  future  loss  in  mining 
and  marketing.  Therefoz'e,  it  is  apparent  that  the 
"available  reserves"  are  materially  larger  than  the 
amount  of  coal  that  can  be  produced. 

According  to  the  data  of  the  United  States  Coal 
Commission,^  more  than  half  of  the  coal  lost  in  mining 
(19.4  of  the  total  34.7  percent)  may  be  classified  as  due 
to  avoidable  loss.  Therefore,  it  is  apparent  that  im- 
provements in  mining  and  marketing  practices  can  re- 
duce the  total  coal  losses.  For  that  reason,  no  esti- 
mate of  future  coal  losses  has  been  made. 


s  Rice,  G.  S.,  and  Paul,  J.  W.,  op.  cit.,  p.  1S58. 


CHAPTER  2.— PETROLEUM  RESERVES 

By  H.  D.  Miser,  G.  B.  Richardson,  and  C.  H.  Dane* 


The  United  States  depends  on  its  petroleum  reserves 
for  an  important  part  of  its  present  and  fviture  jjower 
requirements  (see  fig.  3)  and  for  continued  national 
security.  These  reserves  can  be  only  imperfectly 
known.  Petroleum  is  a  liquid  contained  in  the  rocks 
deep  below  the  surface  in  many  small,  widely  scattered 
areas.     (See  fig.  4.)     It  is  discovered  bv  the  driller 


•Geological  Survey,  tJ.  S.  Department  of  the  Interior. 
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FicnuE  3. — Annual  Supply  of  Energy  from  Mineral  Fuels  in  the  United 
States  from  1889  to  1936.  Compiled  by  the  Geological  Survey,  Depart- 
ment of  the  Interior.     Data  from  Bureau  of  Mines. 


who  is  aided  in  his  search  by  the  accumulated  knowl- 
edge about  oil  and  its  occurrence.  The  more  than 
900,000  wells  drilled  for  oil  in  this  country  have  sup- 
plied data  from  A^hicli  estimates  of  the  reserves  of  this 
essential  mineral  fuel  have  been  made  from  time  to 
time  by  individuals,  commercial  organizations,  and 
governmental  agencies.  A  brief  discussion  of  the  esti- 
mates that  have  been  made  to  the  present  time  is  given 
below;  but,  in  order  that  their  importance  may  be 
viewed  in  proper  perspective,  the  discussion  of  the 
reserves  is  preceded  by  a  brief  outline  of  the  magnitude 
of  the  petroleum  industry  itself  and  the  volume  of  its 
outjiut. 

Growth  of  Petroleum  Industry 
in  United  States 

The  23etroleum  industry  in  the  United  States  is  one 
of  the  Nation's  most  important  industries.  In  it  is 
invested  $13,775,000,000.  Although  oil  from  shafts 
and  natural  seepages  has  been  known  for  many  thou- 
sands of  years  and  was  used  to  a  slight  extent  for  light- 
ing and  lieating  and  for  medicinal  purpo.ses  as  far  back 
as  the  beginning  of  recorded  history,  the  modern  petro- 
leum industry  was  born  in  1859  with  the  discovery  of 
oil  in  the  Drake  well  in  Pennsylvania. 
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The  growth  of  the  American  petroleum  iiuhi.stry,  as 
revealed  by  statistics  of  output,  has  been  phenomenal. 
This  is  especially  true  after  the  beginning  of  the  pres- 
ent century.  The  fii-st  billion  barrels  of  oil  had  been 
produced  by  1900,  41  j'ears  after  the  first  barrel  was 
recovered  from  tlie  Drake  well,  but  during  the  next  37 
years  the  volume  of  production  was  19  times  greater. 
The  industry's  seventy-ninth  anniversar}',  1938,  has 
witnessed  the  production  of  the  twenty  billionth  barrel 
of  oil  and  will  probably  witness  also  the  production  of 
the  twenty-first  billionth  barrel.  (See  fig.  5.)  Twenty- 
two  States  (see  fig.  4)  have  supplied  the  total  output, 
amounting  to  19,972,000,000  barrels  through  1937. 
Among  these  States  Texas  stands  first,  having  pro- 
duced 5,127,000,000  barrels  through  1937 — a  quarter  of 
all  the  Nation's  output  of  oil.  California  has  produced 
4,872,000,000  barrels,  24  percent,  and  Oklahoma  4,341,- 
000,000  barrels,  21  percent.  These  three  States  to- 
gether have  contributed  72  percent  of  all  the  domestic 
output  of  oil.  The  total  production  of  each  of  these 
States  is  greater  than  that  of  the  U.  S.  S.  R.— 3,771,- 
000,000  barrels  through  1937— which  ranks  next  to  the 
United  States  in  point  of  cumulative  production. 
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Of  the  world's  output  of  oil  in  1937  (2,040,500,000 
barrels),  63  percent  (1,277,653,000  barrels)  came  from 
the  United  States.  A  similar  proportion — 60  percent — 
of  the  world's  consumption  of  petroleum  products  and 
related  fuels  in  1937  was  consumed  in  the  United 
States.  Briefly,  this  country  produces  and  consumes 
three-fifths  of  the  world's  output  of  petroleum.  This 
l)roportionately  large  volume  of  oil  contributed  by  the . 
United  States  is  even  more  impressive  when  a  compari- 
son of  the  world's  known  reserves  reveals  that  foreign 
countries  possess  about  52  percent  of  the  reserves.^ 

'  Garfias,  V.  R.,  and  Whet.sel,  K.  V.,  "rroven  Oil  Reserves,"  Am. 
Inst.  Uin.  Met.  Eng.  Trans.,  vol.  118,  19.36,  p.  214.  Their  estimates 
of  proven  oil  reserves  In  millions  of  barrels,  as  of  January  1,  193G.  are 
as  follows  : 

United  States 10.575 

Russia 2.  830 

Iraq 2,  475 

Iran 2, 150 

Venezuela 1,  350 

Rumania 633 

Netherlands  East  Indies 450 

Mexico 420 

Colombia 275 

Peru 138 

British  India 111 

Argentina 92 

Trinidad 91 

Otliers 375 

Total 21,  905 


FiGCRE  4. — Map  of  the  United  States  ShowinR  Oil  Fields  and  Producing  Regions.  Prepared  by  the  Geological  Survey.  Department  of  the  Interior. 
The  relative  contribution  of  the  several  producing  regions  is  given  by  the  following  percentages  of  the  national  production  in  1937  :  Mid-Con- 
tinent, 60.6;  California,  1S.6  ;  Gulf  Coast,  13.9;  .\ppalachian,  2.9:  Rocky  Mountain,  2.1;  Michigan.  1.2;  Illinois  Southwest  Indiana,  0.6;  Lima- 
Indiana.  0.1. 
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The  Petroleum  Supply 
of  the  United  States 

The  working  supply  of  the  petroleum  industry  con- 
sists of  tlie  stocks  of  crude  petroleum  held  above 
ground  in  tank  farms,  at  i-efineries.  in  transit,  or  by 
producers  at  wells.  These  stocks  are  being  constantly 
consumed  and  are  constantly  replenished  from  current 
production.  They  constitute  only  a  few  months'  sup- 
ply. Total  stocks  of  crude  petroleum  in  the  United 
States  on  December  31,  1937,  according  to  the  prelim- 
inary figures  of  the  Bureau  of  Mines,  amounted  to  306,- 
084,000  barrels.  The  imports  of  crude  petroleum  and 
refined  products  are  large  in  total  amount  (nearly  60 
million  barrels  in  1937),  but  they  supply  only  5  per- 
cent of  the  domestic  consumption. 

Aside  from  these  stocks  and  imports,  the  supply  of 
petroleum  includes  the  amounts  recoverable  by  present 
methods  of  production  from  known  fields  plus  the  in- 
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tangible  and  unproved  reserves  of  unknown  fields  to 
be  discovered  in  the  future. 

Of  the  total  supply  of  oil  in  the  ground,  only  the 
volume  already  discovered  with  the  drill  may  be  re- 
garded as  proved  or  "known."  The  known  supply  is 
increased  as  new  fields  and  deeper  oil-bearing  zones  are 
discovered,  but  each  year's  output  reduces  by  that 
amount  the  total  supply. 

Estimates  of  Petroleum  Reserves 

The  first  estimate  of  petroleum  reserves  in  the  United 
States  was  prepared  in  1909,  when  conservation  of  the 
Nation's  mineral  resources,  including  petroleum,  was 
receiving  the  serious  consideration  of  President  Theo- 
dore Roosevelt.  At  that  time,  the  motor  vehicle  and 
peti'oleum  industries,  although  inconsequential  as  com- 
pared with  the  present,  were  growing  fast ;  in  1909  the 
two-billionth  barrel  of  oil  was  brought  to  the  surface, 
and  the  registration  of  motor  vehicles  in  the  United 
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FiGiRE  5. — Curve  Showing  Cumulative  Production  of  Crude  Petroleum  in  the  United  States.    Compiled  by  the  Geological  Survey,  Department  of  the 

Interior,  from  statistics  provided  by  Bureau  of  Mines. 
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States  reaclietl  312,000.  According  to  David  T.  Day, 
the  authoi'  of  tliis  first  estimate,  the  total  petroleum 
yield  of  the  United  States  might  be  as  low  as  10,000,- 
000  000  barrels  or  as  liigli  as  24.500.000,000  barrcls.- 

A  number  of  estimates  of  the  total  petroleum  re- 
sources of  the  United  States  were  prepared  between 
1909  and  1921.  During  tiiis  period,  however,  it  grad- 
ually became  evident  that  the  unproved  reserves  in 
unknown  fields  awaiting  future  discovery  could  not  be 
estimated  with  any  degree  of  accuracy,  whereas  the 
quantit}'  of  oil  in  the  proved  reserves,  recoverable  by 
then  current  methods  of  production,  could  be  esti- 
mated with  reasonable  accuracy  on  the  basis  of  the, 
past  production  of  depleted  fields.  The  first  estimate 
in  which  the  proved  resen'es  were  separated  from  esti- 
mates of  undiscovered  fields  was  made  in  1921  by  the 
Geological  Survey  with  the  cooperation  of  the  Amer- 
ican Association  of  Petroleum  Geologists.  In  this  esti- 
mate, 5  billion  barrels  were  classified  as  oil  ''in  sight" 
on  January  1,  1922,  and  4  billion  barrels  additional 
as  "prospective  and  possible"  and  recoverable  by  then 
current  methods  of  production.^  This  and  a  number 
of  detailed  estimates  that  have  been  prepared  since 
1921  are  given  in  table  5  and  are  shown  graphically  for 
tlie  years  1922  to  1938  in  figure  6. 

In  1925  the  first  of  a  series  of  estimates  prepared  by 
tlie  American  Petroleum  Institute  listed  future  produc- 
tion "from  existing  wells  and  from  acreage  these  wells 
prove  to  be  oil  bearing,  by  present  methods  of  flowing 
and  pumping."  *  This  estimate  i-eported  reserves,  as  of 
1925,  to  be  5,321,427,000  barrels. 

In  September  1926  the  Federal  Oil  Conservation 
Board  stated  that  ''From  the  most  recent  estimates,  it 
would  appear  that  the  reserves  of  oil  available  by 
flowing  and  pumping  wells  from  present  producing 
and  proven  fields  amount  to  about  4,500,000,000  bar- 
rels." ° 

In  its  fifth  report,  in  October  1932,  the  Federal  Oil 
Conservation  Board  stated :  "Reserves  made  known  by 
later  discoveries  have  raised  the  current  classification 
of  known  reserves  to  10  billion  barrels." " 

In  1934  Halo  B.  Soystcr,  of  the  Geological  Survey, 
prepared  an  estimate  of  reserves  of  oil  for  the  special 
subcommittee  on  petroleum  investigation  of  the  Com- 


"  Day.  D.  T..  The  Petroleum  Rrsoarccs  of  the  United  States,  U.  S. 
Gcol.  Survey  Bull.  .?94,   1900.  p.   35. 

'  "The  Oil  Supply  of  the  United  States,"  Am.  Assoc.  Petroleum  Geol. 
Bttll,  vol.  6.  1922,  no.  1,  pp.  42-46. 

*  American  Petroleum  Supply  and  Demand:  .\  report  to  the  board 
of  directors  of  the  American  Petroleum  Institute  by  a  committee  of 
eleven  members  of  the  board,  1925,  pp.  7,  58-59. 

«  Report  of  the  Federal  Oil  Conservation  Board  to  the  President  of 
the  United  States,  1926,  pt.  1,  p.  8. 

'  Report  V  of  the  Federal  Oil  Conservation  Board  to  the  President 
of  the  United  States,  1932,  p.  7. 
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mittee  on  Interstate  and  Foreign  Commerce  of  the 
House  of  Kepi-esentatives,  Seventy-third  Congress.' 
The  reserves  of  oil  from  known  fields  recoverable  by 
current  methods,  as  of  December  31,  1933,  were  esti- 
mated at  13,360,000,000  barrels. 

The  American  Petroleum  Institute,  through  its  com- 
mittee on  petroleum  reserves,  lias  prepared  reports  on 
tlie  proved  petroleum  reserves  of  the  United  States  as 
of  January  1,  1935,  1937,  and  1938  and,  in  the  light  of 
later  developments,  revised  the  estimates  for  1935  and 
1937.*  The  committee  in  April  1938  reported  that  the 
"proven  reserves"  of  the  United  States  were  15,507,- 
268,000  barrels  on  January  1,  1938.  "The  estimate 
made  no  allowance  for  possible  reserves  in  untested 
areas  *  *  *  representing  only  the  amount  of  crude 
oil  which  may  be  extracted  by  present  known  methods 
from  fields  now  completely  developed  or  drilled  or 
sufRciently  drillecl  and  e.xplored  to  i')prmit  of  reasonably 
accurate  calculations." 

The  individual  estimates  that  have  been  mentioned, 
as  well  as  man}'  others,  differ  somewhat,  Init  they  all 
possess  a  similar  order  of  magnitude  and  indicate  that 
the  proved  reserves  since  1930  amounted  to  10  billion 
barrels  or  more.  The  distribution  of  the  reserves  by 
States  is  shown  on  figure  7. 

The  proved  reserves  in  the  gi'ound,  like  the  stocks 
of  petroleum  held  above  ground,  are  constantly  chang- 
ing in  quantity.  They  are  depleted  by  the  output  of 
pi'oducing  wells  and  increased  by  the  discovery  of  new 
fields  and  deeper  pools.  During  the  period  1922  to 
1938,  for  which  figures  of  proved  reserves  are  avail- 
able, many  large  fields  were  discovered,  so  that,  not- 
withstanding the  consequent  greatly  augmented  pro- 
duction, the  proved  reserves  have  increased. 

On  the  basis  of  the  5-billion-barrel  estimate  of  oil 
"in  sight"  in  1922  and  the  15.8-billion-barrel  estimate 
of  proved  reserves  in  1937  (see  table  5  and  fig.  6),  the 
increase  in  the  proved  category  during  this  15-year 
period  has  been  10.8  billion  barrels.  Although  the 
increase  was  not  uniformly  spread  over  the  period,  it 
is  equivalent  to  about  720  million  barrels  for  each  year. 
The  domestic  production  during  the  same  period  was 
12,792  million  barrels,  which  is  equivalent  to  853  mil- 
lion barrels  for  each  year. 

Until  the  estimate  of  the  American  Petroleum  Insti- 
tute of  January  1,  1938,  is  revised  as  was  the  first  esti- 
mate of  1937,  the  revised  estimate  of  January  1937  and 
the  present  estimate  of  January  1938  are  not  strictly 
comparable. 

(CoiUiuued  on  p.  292) 


'  Petroleum  Investigation,  H.  Res.  441,  pt.  2,  1934,  pp.  1071-1081. 
>  Am.  Petroleum  Inst.   Quart.,  vol.  7,  April  1937,  no.  2,  p.  5,  and  vol. 
8,  AprU  1938,  uo.  2,  pp.  12  and  13. 
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JAN.  1. 1922  1923 


1934 


1937     JAN.  1.1938 


FIGUEB  6. — Production  and  Proved  Reserves  of  Petroleum,  1922-38.  Prepared  by  the  Geological  Survey,  Department  of  the  Interior.  Numbers 
correspond  to  those  on  opposite  page ;  cumulative  production  as  of  January  1  of  each  year ;  estimates  of  proved  reserves  as  of  same  date  except 
as  noted  on  opposite  page. 
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ESTIMATES  OF  PETROLEUM  RESERVES  INDICATED  BY    LIKE  NUMBERS  ON   FIGURE  G 


1.  5,000,000,000  ban-els.  Estimate  by  joint  commit- 
tee representing  the  American  Association  of  Petro- 
leum Geologists  and  the  Geological  Survey  in  "The 
Oil  Supply  of  the  United  States,"'  American  Associa- 
tion Petroleum  Geologists  Bulletin,  volume  6,  1922, 
Xo.  1,  pages  42-46. 

2.  5,321,427,000  barrels  as  of  1925.  A  report  to  the 
board  of  directors  of  the  American  Petroleum  Insti- 
tute by  a  committee  of  eleven  members  of  the  board  in 
American  Pcfro/evnu  Supply  and  Demand,  1925. 

3.  4,500,000,000  barrels,  as  of  September  6, 192G.  Re- 
port of  the  Federal  Oil  Conservation  Board  to  the 
President  of  the  United  States,  1926,  part  1,  page  8. 

4.  7,704,000,000  ban-els.  H.  J.  Struth,  "Who  Said 
There  Is  Too  Much  Oil  in  Sight,  Anyway?"  Oil 
Weekly,  volume  65,  No.  5,  pages  10-18,  April  18,  1932. 

5.  9,071,000,000  barrels.    H.  J.  Struth,  idem. 

6.  9199,000.000  barrels.    H.  J.  Stnith,  ide>ti. 

7.  10,000,000,000  barrels.  AVullace  E.  Pratt,  "Indus- 
try Must  Drill  20,000  Wells  Yearly,"  Oil  and  Gas  Jour., 
volume  30,  No.  9,  pages  19  and  102-103,  July  16,  1931. 

8.  10,578,000,000  barrels.  H.  J.  Struth,  op.  cit., 
pages  16-18. 

9.  10,000,000,000  ban-els,  as  of  October  1932.  Report 
V  of  the  Federal  Oil  Conservation  Board  to  the  Presi- 
dent of  the  United  States,  1932,  pages  7  and  41. 

10.  12,000.000,000  barrels.  Valentin  R.  Garfias,  "An 
Estimate  of  the  World's  Proven  Oil  Resevxes,"  A7n.l7ist. 
Min.  Met.  Eng.  Trans.,  volume  103, 1933,  pages  35-2-354. 

11.  13.360.000,000  barrels.  Hale  B.  Soyster,  esti- 
mates of  petroleum  reserves,  in  "Geology  and  Occur- 
rence of  Petroleum  in  the  United  States"  by  the 
Geological  Survey,  Petroleum,  Investigation;  hearings 
before  subcommittee  of  the  Committee  on  Interstate 
and  Foreign  Commerce,  House  of  Representatives, 
Seventy-third  Congi-ess,  1934,  on  House  Resolution  441, 
part  2,  pages  1071-1081. 

12.  10.700,000,000  barrels.  Statement  of  Alex  W. 
McCoy,  Petroleum  investigation;  hearings  before  sub- 
committee of  the  Committee  on  Interstate  and  Foreign 
Commerce,  House  of  Representatives,  Seventy-third 
Congress,  1934,  on  House  Resolution  441,  part  3,  pages 
1454-1458. 

13.  12,177,000,000  barrels.  Estimate  by  a  special 
committee  of  the  American  Petroleum  Institute,  in 
"Petroleum  Production  and  Supply,"  American  Asso- 
ciation Petroleum  Geologists  Bulletin,  volume  20,  Janu- 
ary 1936,  No.  1.  pages  1-14. 

14.  13,000,000.000  barrels,  as  of  November  12,  1934. 
Statement  of  E.  W.  Marland,  Petrolewm  Irwestigation; 
hearings  before  subconunittee  of  the  Committee  on  In- 
terstate and  Foreign  Connnerce,  House  of  Representa- 
tives, Seventy-third  Congress,  1934,  on  House  Resolu- 
tion -141,  part  3,  pages  1439-1445. 


15.  13,632,000,000  barrels.  Estimate  by  American 
Petroleum  Institute  committee  on  petroleum  reserves, 
in  "Nation's  Proven  Oil  Reserves  Placed  at  13  Billion 
Barrels":  American  Petroleum  Institute  Quarterly, 
April  1937,  volume  7,  No.  2,  page  5. 

16.  15,000,000.000  barrels.  Statement  of  Campbell 
Osborn,  Petroleum  Investigation;  hearings  before  sub- 
committee of  the  Committee  on  Interstate  and  Foreign 
Commerce,  House  of  Representatives,  Seventy-third 
Congress,  1934,  on  House  Resolution  441,  part  3,  pages 
145&-1463. 

17.  10,575,000,000  Ijarrels.  V.  R.  Gai-fias  and  R.  V. 
Whetsel,  "Proven  Oil  Reserves,"  Am-.  Inst.  Min.  Met. 
Eng.  Tram.,  volume  118, 1936,  pages  211-214. 

18.  12,992,000,000  barrels.  Warren  L.  Baker,  "United 
States  Crude  Reserves  Enlarged  During  1935,"  Oil 
Weekly,  volume  80,  February  10,  1936,  No.  9,  pages 
19-22. 

19.  12,904,946,000  barrels.  L.  G.  E.  Bignell,  Oil  and 
Gas  Journal,  volume  36,  January  27, 1938,  No.  37,  pages 
38-39. 

20.  13,063,000,000  barrels.  Estimate  by  American 
Petroleum  Institute  Committee  on  Petroleum  Reserves, 
in  "Nation's  Proven  f)il  Reserves  Placed  at  13  Billion 
Barrels,"  American  Petroleum  Institute  Quarterly, 
volume  7,  April  1937,  No.  2,  page  5. 

21.  15,000,000.000  barrels.  J.  Elmer  Thomas,  "Proved 
Oil  Reserves  in  United  States  of  America,"  American 
Association  Petroleum  Geologists  Bidletin,  volume  21, 
1937,  No.  8,  pages  1088-1091. 

22.  15,856,190,000.  "Institute  Committee  Estimates 
Nation's  Proven  Petroleum  Reserves  at  New  High," 
American  Petroleum  Institute  Quarterly,  volume  8, 
April  1938,  No.  2,  pages  12-13. 

23.  12,909,000,000  barrels.  Estimate  by  Alex  W. 
McCoy,  Oil  Weekly,  volume  88,  January  31, 1938,  No.  8, 
pages  10-11. 

24.  13,489,457,000  barrels.  L.  G.  E.  Bignell,  Oil  and 
Gas  Journal,  volume  36,  January  27, 1938,  No.  37,  pages 
38-39. 

25.  15,507,268,00  barrels.  "Institute  Committee  Esti- 
mates Nation's  Proven  Petroleum  Reserves  at  New 
High,"  Americayi  Petroleum  Institute  Quartei'ly,  vol- 
ume 8,  April  1938,  No.  2,  pages  12-13. 

In  a  report  of  the  United  States  Department  of  the 
Interior  Petroleum  Administrative  Board  on  the  Cost 
of  Producing  Crude  Petrolewm,  issued  in  December 
1935,  the  proved  reserves  of  crude  petroleum  on  De- 
cember 31,  1933,  were  esstimated  to  have  been  10,638,- 
000,000  barrels,  and  on  December  31,  1934,  were  esti- 
mated to  have  been  10,763,000,000  barrels.  These  esti- 
mates are  stated  not  to  include  additional  recovery  from 
Pennsylvania  obtainable  by  wider  application  of  water- 
flooding  methods. 
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Future  Petroleum  Supply 

The  continued  discovery  of  new  fields  and  deeper 
oil-bearing  zones  is  required  to  meet  futui'e  demands, 
just  as  it  has  been  since  the  beginning  of  the  industry 
in  the  United  States.  The  present  estimate  of  Janu- 
ary 1938  (15,507  million  barrels)  is  equivalent  to  a 
12-years'  supply  at  the  rate  of  production  in  1937 
(1,277  million  barrels).  Such  a  volume  of  oil  cannot, 
however,  be  extracted  in  this  length  of  time  from  the 
present  fields  because  of  the  normally  declining  rate 
of  production  that  takes  place  from  year  to  year. 

The  survival  of  the  petroleum  industry,  like  that 
of  most  other  mineral  industries,  depends  on  the  con- 
tinued discovery  of  new  sources  of  supply.  The  ex- 
tent to  which  new  sources  of  supply  are  discovered 
and  developed  depends  upon  the  payment  of  such  prices 
by  the  consumer  as  will  permit  the  industry  to  carry 
the  heavy  and  increasing  expense  of  new  exploration 
and  still  maintain  profits. 

Much  oil  remains  to  be  discovered  in  new  fields  and 
in  deeper  pools.  Tliese  will  be  found  in  areas  indi- 
cated as  "possible"  on  the  accompanying  map  of  the 
United  States.     (See  fig.  8.)     The  exact  location  of 


these  fields  and  the  quantity  of  petroleum  they  will 
yield  are  not  known;  they  will  not  be  known  in  advance 
of  drilling.  Nevertheless,  their  number,  whatever  it 
may  be,  is  definitely  limited,  and  each  newly  found  field 
leaves  one  less  to  be  discovered. 

Oil  discovery  has  maintained,  up  to  the  present,  a 
stock  of  reserves  equivalent  to  10  or  more  years'  sup- 
ply. The  course  of  prospecting  and  development  the 
past  few  years  leads  some  observers  to  suggest  that  the 
limits  of  annual  production  have  been  nearly  attained ; 
this  may  be  true,  but  a  conclusive  demonstration  of  it 
is  not  at  hand.  It  will  not  be  established  that  a  short- 
age in  production  to  meet  annual  requirements  is  immi- 
nent until  future  estimates  of  proved  reserves  decrease 
for  a  period  of  years  of  sufficient  length  to  assure  the 
elimination  of  temporary  influences,  such  as  lean  years 
of  discovery,  and  the  addition  of  enormously  large  fields 
like  East  Texas. 

The  answer  to  the  question  "When  will  the  day  of 
petroleum  shortage  in  the  United  States  be  reached?" 
lies  not  alone  in  the  supply  of  oil  remaining  in  the 
ground.  It  rests  also  with  the  geologist  to  continue  to 
aid  in  the  increasingly  difficult  problem  of  discovery; 


Figceb  7. — Reserves  of  Petroleum  in  Millions  of  Barrels  as  Allocated  to  States  in  the  Estimate  of  January  1937  of  the  American  Petroleum  Insti- 
tute. Prepared  by  the  Geological  Survey,  Department  of  the  Interior.  The  lower  figure  in  each  State  is  the  production  in  1937  according  to 
preliminary  figures  of  the  Bureau  of  Mines.  Tennessee,  Missouri,  and  Utah  also  contributed  small  amounts  to  the  production  in  1937,  but  the 
reserves  of  these  States  were  not  included  in  the  estimate.     All  figures  are  given  to  the  nearest  million  barrels. 
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with  the  engineer  to  continue  to  improve  drilling  tech- 
nique and  to  increase  recoveries;  and  with  the  chemist 
to  continue  improvements  in  refining  practice.  In  part, 
it  rests  on  tiie  price  tliat  the  public  can  pay  in  the  future 
for  oil  products,  and  that,  in  turn,  depends  in  part  on 
increased  efficiency  in  use.  Man  through  necessity  will 
recover  more  and  more  of  the  energy  available  in  petro- 
leum and  in  the  related  natural  fuels — coal  and  natural 
gas.  Continued  and  increasing  cooperation  will  also 
promote  conservation  and  efficiency  in  discovery,  de- 
velopment, and  production. 

The  future  undotibtedly  will  see  continued  advances 
in  science  and  tecluioiogj'  affecting  the  discovery,  re- 
covery, refining,  and  utilization  of  petroleum.  Thus 
far,  these  advances  have  enabled  us  to  keep  supplies 
ahead  of  needs;  but  they  afford  us  no  assurance  that, 
as  demand  grows,  the  same  record  can  be  maintained. 

In  this  connection,  it  is  of  interest  to  call  attention 
to  some  of  the  concrete  accomplishments  of  recent 
years.  In  the  l.^-year  period  from  1922  to  tlie  end  of 
1936,  the  geologist  and  the  petroleum  engineer  have 
aided  the  driller  in  the  addition  of  lO.S  billion  barrels 
to  our  petroleum  reserves,  despite  the  production  of 
12.8  billion  barrels  during  that  period.  From  1920  to 
the  end  of  1936  the  chemist,  by  the  introduction  and 


improvement  of  cracking  processes,  has  conserved  8.5 
billion  barrels  of  crude  oil."  The  petroleum  engineer 
is  meeting  energetically  the  challenge  to  recover  the 
65  to  85  percent  of  oil  remaining  in  the  ground  after 
a  field  no  longer  yields  oil  by  the  older  methods  of 
production.  Each  year  witnesses  the  improvement  and 
extension  of  recovery  methods,  such  as  acid  treatment 
and  re^jressuring  by  the  introduction  of  gas,  air,  and 
water  into  the  oil-bearing  zones.  The  increased  adop- 
tion and  refinement  of  such  methods  in  areas  where 
geologic  and  other  conditions  permit  their  use  will 
lead  to  the  recovery  in  places  of  50  percent  or  more  of 
the  total  oil  content  of  the  producing  zones. 

Moreover,  wlien  a  shortage  of  domestic  crude  petro- 
leum arrives  and  when  a  consequent  rise  in  prices  of 
petroleum  products  occurs,  substitutes — oil  products 
from  coal  and  possibly  from  oil  shale — ^\ill  be  drawn 
upon  just  as  they  are  now  drawn  upon  to  some  extent 
in  some  countries  that  are  supplied  with  little  or  no 
oil  resources. 

The  volume  of  the  coal  i-esources  of  the  United 
States  is  such  that  they  may  be  depended  upon  to  pro- 


"  Van  Govern,  Fred,  "Status  and  Outlook  of  Petroleum  Supply, 
Demand,  and  Stocks,'*  Am.  Petroleum  Inst.  Quart. t  vol.  7,  April  1937, 
no.  2,  p.  9. 


Possible 

(Areas  rn  small  parts  of 
which  oil  will  be  found) 


Figi:re  8, — Map  of  the  United  States  Showing  Oil  Fields  and  Unproductive  Areas  Classified  with  Respect  to  Their  Relative  Likelihood  of  Yielding 

Commercial  Quantities  of  Oil.     Prepared  by  Geological  Survey. 
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vide  an  adequate  supply  of  motor  fuel  for  many  cen- 
turies after  a  shortage  in  crude  petroleum  arrives.  The 
character,  extent,  and  reserves  of  the  Nation's  coal  are 
described  in  an  accompanying  chapter,  prepared  by 
T.  A.  Hendricks,  of  the  Geological  Survey,  United 
States  Department  of  the  Interior. 

It  has  been  estimated  that  if,  and  when,  the  price 
permits,  approximately  92,000,000,000  barrels  of  oil  is 
recoverable  from  oil  shale  deposits  of  the  United 
States.^"    Of  this  estimated  quantity  the  source  of  ap- 


"  Winchester,  D.  E.,  "The  Oil  Possiljilities  of  the  Oil  Shales  of  the 
United  States,"  Report  II  of  the  Feileral  Oil  Conservation  Board  to  the 
President  of  the  United  States,  1928,  pp.  13-14. 


proximately  75,000,000,000  bai'rels  lies  in  oil  shales  of 
Tertiary  age  that  crop  out  chiefly  in  northwestern 
Colorado  and  northeastern  Utah  and  subordinately  in 
Wyoming  and  Nevada.  Small  amounts  of  oil  shale 
known  or  reported  in  California,  Montana,  and  Ore- 
gon wei'e  not  included  in  the  estimate.  The  estimated 
total  quantity  includes  also  approximately  17,000,000,- 
000  barrels  believed  to  be  recoverable  from  black  shales 
of  Devonian  age  in  Indiana  and  Kentucky  that  are 
accessible  to  mining  by  open-cut  methods.  Smaller 
amounts  of  minable  shale  of  this  type  are  doubtless 
available  in  other  States. 


Table  5. — Estimates  of  proved  reserves  of  petroleum  by  governmental  agencies,  American  Association  of  Petroleum  Geoloj/ists,  and 

the  American  Petroleum  Institute.    Other  estimates  are  shoicn  on  fig.  6 
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Arkansas        

122,150.000 

29,  500.  000 

103,  000,  000 

87,  493,  000 

192.101,000 

2, 139, 987,  000 

6,  422,  500,  000 

3,  261.  000,  000 

3,  250, 726,  000 

3,  063, 142,  000 

48,462,000 

8,  500,  000 

16,  000,  000 

18,  622,  000 

19,125,000 

Illinois    

112,000,000 

34,  000,  000 

37,  000,  000 

28, 210,  000 

40, 884, 000 

11,500,000 

311,501,000 

78,974.000 

5.  000.  000 
194,  000,  000 
30,  000. 000 

5.  000, 000 

390.  000,  000 

50,  000,  000 

3,441,000 
590,  000, 000 
38,  846, 000 

2,  622, 000 

Kansas       

601,317,000 

38,  366,  OOO 

133,870,000 

136.  000,  000 

.■^IS,  000,  000 

656,  844, 000 

713,434,000 

1/,  000. 000 

64.  000.  000 

62,614,000 

49, 181, UOO 

9, 900,  000 

57,  000.  000 

102.  000,  000 

115,210,000 

109,378,000 

12,900,000 

92.  500,  000 

451.  000.  000 

581,  025,  000 

546.  587,  000 

NewYorlj 

16,  000,  000 

45,  000,  000 

75,000.000 

66,000,000 

60,535.000 

Ohio          

120, 000, 000 
1,  039, 093.  000 

34, 000. 000 
844, 500.  OCO 

40. 000.  000 
1.235.  000.  000 

32,  000,  000 
1,383,464,000 

28, 456, 000 

1.212,262,000 

Pennsylvania         

86.  000, 000 

252,  500,  009 

340,  000, 000 

307, 000,  000 

287, 886.  000 

732, 040,  000 

5, 884, 000, 000 

6,  643, 000, 000 

8,343,114,000 

8,247.928,000 

Utah 

500.  000 
48,000,000 

27,  500,  000 

40,000,000 

31,976,000 

28,152,000 

295, 550, 000 

245,  000,  000 

267,000.000 

259,  605,  000 

265, 922, 000 

Others 

1,500,000 

Total    

5, 000,  000,  000 

5,321,427,000 

4,  500, 000,  000 

10,000,000,000 

13,360,000,000 

13,  632,  000,  000 

15,856,190,000 

15,  507,  268,  000 

CHAPTER  3.— NATURAL  GAS  RESERVES 

By  Ralph  W.  Richards* 


Commercial  production  of  natural  gas  in  the  United 
States  started  in  Fredonia,  N.  Y.,  about  1820,  when  gas 
from  a  shallow  well  was  supplied  through  a  lead  pipe 
to  30  domestic  burners.  In  1872  a  wooden  pipe  line  was 
constructed  from  West  Bloomfield,  N.  Y.,  to  Rochester, 
a  distance  of  25  miles.    Now  85,000  miles  of  trunk  lines 


♦Geological  Survey,  U.  S.  Department  of  the  Interior. 


are  required  to  transport  the  gas  from  fields  in  24  States 
to  consuming  centers  in  35  States.  Consumption  of 
gas  is  rapidly  mounting  toward  3  trillion  (thousand 
billion)  cubic  feet  per  year.  The  rapid  growth  in  the 
use  of  this  convenient  and  efficient  source  of  heat  and 
energy  has  accentuated  the  importance  of  the  future 
supply  and  the  availability  of  reserves  of  natural  gas. 
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The  cumulative  marketed  production  of  gas  since 
1906  amounts  to  37.81  trillion  cubic  feet.  (See  fig.  9.) 
No  reliable  figures  on  the  total  production  of  natural 
gas  are  available,  the  total  amount  of  gas  wasted, 
utilized  in  field  operations,  and  lost  in  transmission 
being  unknown. 

About  liaif  of  the  gas  reserves  of  the  United  States 
(fig.  10)  have  practically  the  same  geographic  distri- 
bution as  the  oil  reserves.  (See  chapter  on  petroleum 
reserves.)  This  is  so  because  approximately  half  of 
the  natural  gas  is  produced  with  oil ;  the  gas  is,  in  fact, 
the  source  of  energy  which  brings  the  oil  to  the  surface. 
For  many  years  between  1,500  to  2,000  cubic  feet  of 
natural  gas  to  the  barrel  of  oil  has  been  marketed,  and 
the  tendency  is  tiiat  this  ratio  will  increase  in  the  future. 
Since  our  proved  oil  reserves  are  of  the  order  of  15 
billion  barrels,  we  are  assured  of  a  minimum  reserve  of 
22.5  to  30  trillion  cubic  feet  of  natural  gas.  Gas,  how- 
ever, is  found  in  many  areas  that  do  not  produce  oil,  and 
also  greater  quantities  of  gas  are  now  being  found  with 
the  oil  that  is  discovered  and  produced  from  progres- 
sively greater  depths. 

During  the  first  50  years  of  the  natural-gas  industry, 
utilization  was  confined  to  areas  not  moi'e  than  100  to 
250  miles  distant  from  the  fields;  but  the  discovery  of 
extensive  reserves  of  gas  in  the  midcontinent  area 
(notably  in  Louisiana  in  191G  and  in  the  Texas  Pan- 
liaiulle  in  1918) ,  and  in  California  in  1926  and  1928,  was 
followed  by  the  financing  and  building  of  thousand- 
mile  pipe  lines  that  entered  a  Nation-wide  market.  The 
construction  of  such  lines  was,  in  part,  made  possible 
by  the  expansion  of  facilities  for  the  production  of 
seamless  and  welded  pipe  lines  of  large  diameter  (18  to 
26  inches),  capable  of  transporting  large  volumes  of 
gas  at  high  pressure  with  almost  negligible  losses. 
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During  this  period  of  expansion  of  the  industry, 
estimates  of  the  quantities  of  gas  contained  in  the  new 
fields  were  required  as  an  assurance  that  the  supplies 
provided  an  adequate  basis  for  financing.  Also,  be- 
cause of  the  consequent  increased  national  importance 


/g/2  taOS  /9/0  1915  1920  1923  1930  1935 

FIGCBE  9.— Marketed  Production  o£  Natural  Gas  from  1905  to  1937  and  Estimates  of  Reserves.      Prepared  by  the  Geological   Survey,  Department 

of  the  Interior.     The  estimates  are  added  to  the  cumulative  production  curve. 
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of  natural  gas,  inventories  of  the  gas  resources  of  the 
United  States,  in  terms  of  volume  and  years  supply, 
were  attempted. 

Huntley  and  Mason  ^  in  1930  estimated  the  reserves 
of  gas  produced  with  oil  in  the  United  States  east  of 
the  Rockies  at  a  minimum  of  49.5  trillion  cubic  feet. 
They  based  this  estimate  upon  an  assumed  continuance 
of  the  past  15-year  ratio  of  2,250  cubic  feet  of  gas  to  the 
barrel  of  oil.  They  did  not  attempt  to  estimate  the 
gas  reserves  of  the  Pacific  coast,  but  they  suggested  that 
the  minimum  oil  leserves  of  that  area  were  of  the  order 
of  8  billion  barrels. 

In  October  1931  H.  O.  Caster,-  president  of  the  Amer- 
ican Gas  Association,  in  discussing  develojaments  in  the 
natural-gas  industry,  stated  that  its  capital  investment 
had  doubled  in  the  last  5  years  and  totaled  2  billion 
dollars.    He  also  estimated  that  13  gas  fields  and  gas- 


'  Huntley.  L.  G.,  and  Mason,  S.  L.,  "Gas  and  Coal  Reserves  in  Re- 
lation to  Pipe  Line  and  Markets,"  Nat.  Petroleum  News,  vol.  22,  May 
14,  1930,  no.  20,  pp.  34-36. 

'  Caster,  H.  0.,  "Developments  in  the  Natural  Gas  Field,"  Gas  Age- 
Record,  vol.  68,  Oct.  24,  1931,  no.  17,  pp.  613-630. 


producing  areas  in  the  United  States  contained  proved 
reserves  of  some  30  trillion  cubic  feet. 

Garfias  ^  estimated  the  proved  reserves  of  natural  gas 
at  40.0  trillion  cubic  feet  at  the  end  of  1934,  equivalent 
to  20  years'  supply  on  the  basis  of  current  consumption. 
Ley,^  in  1935,  estimated  future  recoverable  gas  from 
commercially  proved  and  important  areas  as  not  less 
than  75  trillion  cubic  feet,  and  he  pointed  out  that  most 
of  this  reserve  had  been  discovered  and  proved  in  the 
search  for  oil  and  that  some  part  of  tliis  gas  reserve 
would  be  wasted  in  i^roducing  oil. 

Davis,^  in  a  paper  presented  before  the  American  Gas 
Association  in  May  1935,  estimated  the  known  natural- 
gas  reserves  of  the  United  States  to  be  62  trillion  cubic 
feet.  He  distributed  these  reserves  among  the  several 
producing  areas  as  follows : 


5  Garfias,  V.  R.,  "Proven  Reserves  of  Mineral  Fuels  in  the  United 
states."  Am.  Inst.  Min.  Met.  Eng.  Trans.,  vol.  114,  1935,  Petroleum 
division,  pp.  243-244. 

*  Ley,  H.  A.,  Geology  of  Natural  Gas,  Am.  Assoc.  Petroleum  Geol.. 
June  1935.      (Forward,  p.  vii,  and  Natural  gas,  pp.  1073-1149.) 

^  Davis,  R.  E.,  "Conservation  of  Natural  Gas  in  the  United  States," 
Gas  Age-Record,  vol.  75,  June  8,  1935,  no.  23,  pp.  565-572. 


FiGUBE  10. — Map  of  the  United   States  Showing  Natural  Gas  Fields  and    Producing    Regions.      Prepared    by    the   Geological    Survey,    Department    oE 

the  Interior. 
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Appalachian  fleld... 

North  Central  States 

Midcontineot  and  Qulf-toast  fields 

Rocky  Mountain  States 

California 

Total 


Trmion 
cubic  feet 


7.0 

.1 

47.0 

2.0 

s.g 


62.0 


Percent 


11.3 
.2 

75.8 
3.2 
9  5 


100.0 


The  oiilj'  notable  exception  to  the  Davis  estimate  is 
that  of  Hoots  and  Herolcl,"  which  phiced  the  Califor- 
nia reserves  at  34  trillion  cubic  feet.    If  this  apparently 


•Hoots,  H.  W.,  and  Herold,  S.  C,  "Natural  gas  resources  of  Cali- 
fornia." Oeologu  of  Natural  Qua,  American  Association  of  Petroleum 
Geologists,  June  1935,  pp.   113-220. 
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well  siibstanliatcd  estimate  is  accepted  and  totaled 
with  the  balance  of  the  Davis  estimate,  the  total  for 
the  United  States  should  have  been  90.1  trillion  cubic 
feet  and  (lie  percent  distributed  as  follows:  Midconti- 
nent  and  Gulf  coast,  52.2;  California,  37.7;  Appalach- 
ian, 7.8;  Rocky  Mountain  States,  2.2;  and  North  Cen- 
tral Stales,  0.1. 

The  discovery  of  important  gas  reservoii-s  since  the 
date  of  the  al)ovp  estimates,  notably  by  deeper  drilling 
in  California,  the  Rocky  Mountain  area,  and  in  the 
North  Central  States,  warrants  the  opinion  that  the 
known  natural-gas  reserves  of  the  nation  are  at  least 
of  the  order  of  a  hundred  trillion  cubic  feet,  or  in  ex- 
cess of  30  years'  supply  in  terms  of  the  present  high 
rale  of  utilization. 


PART    TWO  — SECTION    II 
WATER    POWER    RESOURCES    OF   THE   UNITED    STATES 


CHAPTER  1.— UNDEVELOPED  WATER  POWER* 


Nature  of  Water  Power  Resources 

As  a  source  of  energy,  water  power  affects  and  is 
affected  by  the  available  fuels,  but  differs  from  them 
in  that  it  is  not  reduced  by  use.  Water  power  is  wasted 
if  not  used ;  to  use  it  is,  therefore,  to  conserve  it.  The 
quantity  of  water  power  that  remains  to  be  developed 
is  strictly  limited;  its  useful  life  is  not.  When  the 
last  ixiund  of  coal  has  been  dug  and  burned,  the  power 
of  falling  water  in  the  streams  will  continue  to  be 
available  for  human  service. 

As  a  use  of  water,  power  affects  and  is  affected  by 
the  other  functions  and  controls  of  water  to  which  a 
stream  may  be  adapted.  Almost  any  considerable  proj- 
ect for  the  control  or  use  of  an  important  stream  will 
serve — or  can  serve — more  than  one  useful  purpose. 
There  need  be  no  conflict  between  the  several  purposes, 
including  jDower.  if  the  full  possibilities  of  the  stream 
are  realized  in  the  public  interest.  The  objective  is  to 
develop  each  of  the  resources  of  a  major  stream  in 
harmony  with  the  others,  to  the  end  that  the  sum  of 
the  potential  benefits  to  the  public  shall  be  a  maximum. 

Potential  poioer  in  the  streams. — The  total  potential 
average  output  of  electric  energy  derivable  from  water 
power  in  the  United  States  is  at  its  theoretical  maxi- 
mum about  500  billion  kilowatt-hours  per  year,  accord- 
ing to  a  calculation  based  on  estimates  prepared  by 
the  United  States  Geological  Survey.^  This  theoretical 
maximum  is,  of  course,  noi  attainable,  since  it  would 
never  be  possible  on  many  streams  to  pass  all  the  flood 
waters  through  turbines. 

Developed  water  power. — The  total  installed  capacity 
of  water  wheels  in  electric  generating  plants  in  the 
United  States  on  January  1,  1938,  was  10.474.344  kilo- 
watts. The  output  and  installed  capacity  of  these 
plants  may  be  compared  as  follows  :- 
Installed  capacity,  Jan.  1, 

1938,  kilowatts 10,474,344 

Output,  year  1937,  kilo- 
watt-hours  43, 702, 000, 000 

The  ratio  of  hydroelectric  energy  generated  for  pub- 
lic use  to  total  energy  generated  for  public  use  was  36.1 


♦By  the  Federal  Power  Commission. 

^August  20,  1936.  The  Geological  Survey  figure  is  82,180,000  kilo- 
watts based  on  mean  flow  at  100  percent  efficiency  and  gross  head. 
At  70  percent  over-all  efficiency,  including  losses  of  head,  the  average 
output  would  be  503.900,000,000  kilowatt-hours  per  year. 

■  Federal  Power  Commission,  Electric  Power  Statistics  ISSrt,  p.  15,  p.  3. 
(The  capacity  of  plants  producing  power  exclusively  for  private  use  is 
not  included.) 
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percent  in  1937.  This  ratio  has  varied  between  32.1 
and  40.1  percent  during  the  period  of  record,  1920-1937, 
depending  largely  on  variations  in  stream  flow  and  on 
the  fact  that  hydroelectric  plants  are  fully  utilized 
during  periods  of  depression. 

Feasible  undeveloped  water  power. — Water-power 
sites  whose  development  probably  will  become  economi- 
cally feasible  when  a  market  for  their  output  exists 
have  been  listed  by  the  Federal  Power  Commission  and 
summarized  in  a  published  report.'  The  same  material, 
reclassified  and  slightly  revised,  is  presented  in  table  1 
below.  This  comj^ilation  was  based  on  available  data 
from  various  sources  and  especially  on  the  "308"  series 
of  investigations  by  the  Corps  of  Engineers.*  The  total 
average  potential  output  of  these  sites  is  estimated  at 
273  billion  kilowatt-hours  per  year.  The  total  installed 
capacity  would  be  52,322,000  kilowatts,  according  to  the 
engineering  studies  on  which  the  estimate  was  based. 

Estimates  compared. — Eecognizing  that  the  several 
estimates  were  not  made  in  the  same  manner  nor  on 
the  same  basis  and  are  not  strictly  comparable,  the  total 
potential  power  in  the  streams,  the  actual  developed 
power,  and  the  feasible  undeveloped  power  may  be 
compared  as  follows: 


Capacity 

factor, 
percent ' 


1.  Total  potential  power 

2.  Developed  power 

3.  Remaining  undeveloped  power  ' 

4.  Feasible  undeveloped  power  ^ 

6.  Tolial  generation  ot  electric  energy  for  pub- 
lic usein  1937  ■  — 


Annual 
output, 
billions  ot 
kilowatt- 
hours 

Installed 
capacity, 
millions 
of  kilo- 
watts 

>  503. 9 

»120  ± 

'43.7 

MO.  5 

460.2 

110.2 

273.4 

52.3 

121.0 

37.0 

47.5 


69.7 
37.3 


1  Ratio  of  average  output  (kilowatt-hours  per  year  divided  by  hours  per  year)  to 
installed  capacity. 

'  Derived  from  figures  by  the  U.  S.  Geological  Survey  for  power  based  on  mean 
flow;  see  teit  footnote  1. 

'  Based  on  relation  of  installed  capacity  to  1937  output  for  eiiiting  hydroplants. 

'  Federal  Power  Commission,  Electric  Power  Statistics,  19S7,  p.  3,  p.  15.  Output 
for  1937;  capacity  for  Dec.  31, 1937.  The  capacity  and  output  of  plants  producing 
power  exclusively  for  private  use  is  not  included- 

'  Total  potential  power  (line  1)  minus  developed  power  O'ne  2). 

«  Estimate  by  the  Federal  Power  Commission,  made  originally  for  the  National 
Power  Survey  (1935)  and  rerised  for  this  report.    Includes  partially  developed  sites. 

'  Fuel  and  water  power;  Federal  Power  Commission,  EUctric  Power  Statistics,  19S7, 
p.  2.    Output  for  1937,  capacity  for  Dec.  31,  1937. 


>  Federal  Power  Commission,  National  Poicer  Survey,  Power  Series 
No.  1,  1935  ;  pp.  33-39. 

•  Investigations  and  reports  authorized  by  the  Rivers  and  Harbors 
Act  of  January  21,   1927,  and  H.   Doc.  No.  308.  69th  Cong.,   1st  sess. 
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it  is  seen  that  the  feasible  undeveloped  water-power 
sites  of  the  United  States  are  estimated  to  be  capable 
of  producing  six  times  as  much  energy  as  those  now 
developed,  but  only  a  little  more  tluxn  twice  tlie  energy 
produced  in  1937  for  public  use  by  fuel  and  water 
power  combined.  It  is  also  noted  tliat  59  percent  of 
the  total  theoretical  undeveloped  output  and  47  per- 
cent of  the  total  undeveloped  capacity  has  been  esti- 
mated as  probably  economically  feasible  when  max'kets 
for  the  potential  output  exist. 

Feasible  Undeveloped  Water  Power 

Eiithnatcd  total  available. — Table  1  summarizes  the 
average  annual  output  estimated  to  be  available  at  the 
principal  undeveloped  In'droelectric  sites  which  have 
been  studied  by  various  public  and  private  agencies, 
and  which  apparently  will  have  economic  merit  when 
a  need  for  their  power  output  exists. °  Most  of  the 
information  underlj'ing  this  compilation  was  obtained 
from  published  and  unpublished  reports  b}'  the  De- 
partment of  War  made  under  the  authority  of  the 
Rivers  and  Harbors  Act  of  January  21,  1927,  and 
House  Document  Numbered  308,  Sixty-ninth  Congress, 
fii-st  session. 

Limitations  of  the  estimate. — The  accuracy  of  this 
selection  of  hydroelectric  sites  as  having  present  or 
future  economic  merit  is  necessarily  limited  by  the  ac- 
curacy of  the  available  information  on  physical  condi- 
tions at  each  site  and  also  by  the  uncertainty  that  at- 
tends any  forecast  of  future  power  costs  and  rLMiuiio- 
ments  in  a  given  area.  Installations  of  less  than  about 
1,500  kilowatts  have,  in  general,  been  omitted  as  being 
statistically  unimportant,  altliougli  tliey  may  be  highly 
desirable  for  local  reasons.  Tlie  ]io\ver  possibilities 
of  multiple-purpose  developments  are  not  adequately 
represented.  Tlie  test  of  economic  merit,  in  general, 
was  the  estimated  cost  of  capacity  and  energy  from  an 
alternative  fuel-electric  source  delivered  at  an  assumed 
load  center. 

Figures  proposed  for  the  installed  generating  capaci- 
ties at  the  various  sites  have  been  included  in  the  sum- 
mary to  give  an  idea  of  the  relative  size  of  the  proj- 
ects, although  the  actual  capacity  that  should  be  in- 
stalled at  each  project  depends  on  the  characteristics 
of  the  load  to  be  served  and  otlier  special  conditions 
which  cannot  be  definitelj-  establisliod  far  in  advance  of 
consti'uction. 

In  originally  presenting  such  an  estimate  of  feasible 
undeveloped  water  power  in  1935,  the  Federal  Power 
Commission  made  important  qualifying  reservations  to 


which  the  reader  is  referred.*^  Nevertheless,  these  pub- 
lished and  revised  figures  represent  the  best  available 
sununarj'  of  feasible  undeveloped  water  power  in  the 
United  States. 

Factors  Affecting  Feasihility. — The  factors  that  may 
make  an  individual  water-power  site  economically  fea- 
sil)le  at  some  future  time  are  not  capable  of  accurate 
evaluation,  even  for  the  relatively  near  future.  Spe- 
cific conclusions  as  to  individual  sites  may  change  as 
better  information  is  obtained  with  the  passage  of  time. 
The  economic  feasibility  of  a  given  hydroelectric  proj- 
ect has  usually  been  gaged  by  comparison  with  the  cost 
of  power  from  an  alternative  fuel-electric  source;  but 
this  depends  at  any  given  time  lai-gely  on  the  relation 
between  the  then  cost  of  money,  on  the  one  hand,  and 
the  price  of  fuel  and  compensation  of  labor  on  the 
other.  Hydroelecti-ic  generating  costs  are  governed 
largely  by  the  cost  of  money,  while  fuel-electric  gener- 
ating costs  are  governed  largely  by  tiie  price  of  fuel, 
which  includes  the  compensation  of  labor  necessary  to 
produce  and  transport  the  fuel,  and  by  tlie  compensa- 
tion of  labor  necessary  to  operate  the  plant. 

Economic  feasibility  dei^ends  on  cost  and  revenue. 
The  construction  cost  cannot  accurately  be  determined 
until  the  site  has  been  adecjuately  explored  and  detailed 
designs  and  estimates  have  been  prepared.  The  po- 
tential revenue  depends  on  the  characteristics  of  the 
power  output  from  the  project  (capacity  and  energy 
available  at  eacli  hour  of  the  day,  each  day  of  the  week, 
and  each  M-eek  of  the  v^ear)  and  on  the  existence  of  a 
market  for  tlie  power — a  market  the  location,  size,  and 
characteristics  of  which  must  be  determined  for  each 
project  and  area  on  the  basis  of  existing  loads  and 
possible  growth  in  load,  and  on  the  competitive  cost  of 
fuel-generated  energy  delivered  to  the  same  market. 

In  addition,  it  appears  quite  possible  that  power  de- 
velopments may  become  desirable  at  water-control  proj- 
ects— such  as  flood-control  and  irrigation  dams — many 
of  which  are  not  included  in  the  sites  on  which  the  fig- 
ures here  given  were  based.  Development  of  power  as 
an  incident  to  other  purposes  might  bring  many  addi- 
tional sites  into  economic  feasibility.     (Cont'd  p.  305) 


'  Revised  and  reclassified  from  estimates  made  and  originall.v  pub- 
lished by  the  Federal  Power  Commission,  yntional  Power  Survey, 
Interim  Report,  1935. 


"  "The  tentative  summary  •  •  »  should  not  be  considered  as 
precise  or  final.  Adequate  field  survejs  of  many  of  the  streams  stndied 
are  not  available.  In  some  cases  the  records  of  stream  flow  do  not 
cover  a  sufficient  length  of  time  to  ix^rinit  reliable  conclusions.  At 
some  .sites  the  factors  which  determine  the  proper  size  of  installation 
are  unknown  and  can  only  be  derived  by  further  and  more  exhaustive 
studies.  Every  effort,  however,  has  been  made  to  have  the  figures 
presented  represent  a  sound  but  conservative  estimate  of  undeveloped 
water  power.  I'reliminary  studies  of  other  reports  show  that  the 
development  of  many  of  the  sites  which  they  include  probably  cannot 
be  economically  justified.  These  sites  have  not  been  included  in  the 
figures  presented  in  this  report.  It  is  possible  that  more  complete 
study  will,  show  that  additional  sites  should  be  eliminated  from  con- 
sideration. It  is  ei|ually  possible  that  more  detailed  information  will 
show  that  the  values  of  power  output  and  capacity  assiKni>d  to  many 
of  tlie  sites  which  are  included  in  the  figures  presented  have  been  too 
conservative." — P'cderal  Power  Commission,  National  Power  Survey. 
Interim  Report,  1935,  p.  33. 
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FiGDRE  1. — Map  Showing  Drainage  Basins  as  Dsed  in  Table  1. 


Table  1. — Undeveloped  tcater  power  in  the  United  States,  19SS 

SUMiMARY  BY  REGIONAL  GROUPS,   UNITED   STATES   DRAINAGE 

BASINS 

(Note  that  these  regional  groups  are  not  the  same  as  the  Census  regions 
shown  in  table  2] 


Proposed  installations 

Regional  group 

(1) 

Number  of 
projects 

(3) 

Generating 

capacity, 

thousands  of 

kilowatts 

(3) 

Average  an- 
nual output, 
millions  of 
kilowatt- 
hours 

(4) 

New  England  basins  .  . 

121 
32 
97 
63 

164 
90 

245 
84 
52 
61 
12 
23 

110 
8 

249 

730 

940.0 
2, 114.  6 
2, 196.  3 

1,  537.  9 
4,085.6 
3,987.4 
2,195.6 

466.4 

2,  617. 1 
1,366.1 

134.2 

132.4 

4,732.0 

52.0 

6,  454.  5 

19,309.9 

3,704.9 

North  Atlantic  basins 

4,  608. 5 

Mi^rllft  A  t.lnntic  bf^sins                ,    . 

7,  838. 0 

4,914.5 

Tennessee  Valley  basin  -  _  , 

14, 492.  7 

Ohio  River  basin 

14, 766.  3 

Great  Lakes  basin 

12,  471.  7 

2, 124.  5 

8,685.4 
6,754.5 

Lower  Mississippi  basin ... 

712.0 

703.6 

Colorado  River  basin .  . 

26,  070.  4 

The  Great  basin. 

207.1 

34,  903. 3 

Pacitic  Northwest  basins. 

130, 619. 5 

Grand  total 

2,131 

62,321.9 

273, 376. 9 

Table  1. — Undeveloped  water  power  in  the 
United  States,  1938 — Continued 

SUMMARY  BY  STATES 


(1) 


Alabama 

Arizona 

Arkansas 

California 

Colorado 

Connecticut. .- 

Delaware 

Florida 

Georgia 

Idaho 

Illinois 

Indiana 

Iowa 

Kansas 

Kentucky 

Louisiana 

Maine 

Maryland 

Massachusetts 

Michigan 

Minnesota 

Missi:isippl 


Proposed  installations 


Generating 

capacity, 

thousands 

of  kilowatts 

«) 


Average 
annual  out- 
put, millions 
of  kilowatt- 
hours 

(3) 


1,238.6 

4,  286. 8 

2,377.2 

12,  315.  9 

681.7 

2,  266.  2 

6,411.6 

34,968.4 

299.3 

2, 300. 7 

116.2 

457.6 

0 

0 

0 

0 

817.4 

2,  617.  4 

2,533.6 

19.908.6 

111.5 

516.8 

249.0 

477.0 

127.1 

515.8 

0 

0 

792.7 

2,865.5 

196.4 

1,064.0 

364.9 

1,608.7 

728.0 

1,834.5 

48.8 

137.0 

267.5 

1,014.9 

194.2 

988.6 

127.4 

656.3 
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Table  1. — Undeveloped  water  power  in  the 

United  States,  i958— Continued 

SUMMARY  BY  STATES— Continued 


(1) 


Proposed  installations 


Oenerating 

capacity, 

thousands 

of  kilowatts 

(2) 


Missouri 

Montana 

Nebraska 

Nevada 

New  Hampshire 

New  Jersey 

New  Mexico 

New  York 

North  Carolina 

North  Dakota 

Ohio 

Oklahoma 

Oregon 

Pennsylvania 

Rhode  Island 

South  Carolina 

South  Dakota 

Tennessee 

Texas 

Utah 

Vermont 

Virginia 

Washington 

West  Virginia 

Wisconsin 

Wyoming 

District  of  Columbia- 


202.5 
481.5 

40.2 
548.7 
234.4 
113.2 

38.0 

845.1 

144.8 

0 

22.3 
341.9 
152,8 
489.5 

0 
682.6 

13.6 
964.8 
254.7 
,443.6 
418.1 
,366.1 
,214.4 
,935.0 
210.6 
589.2 

91.5 


Average 
annual  out- 
put, millions 
of  kilowatt- 
hours 

(3) 


Grand  total. 


52,321.9 


814.2 

10,283.0 

316.0 

2,564.2 

939.7 

362.5 

250.5 

10, 892.  8 

3, 898.  5 

0 

84.5 

1.559.4 

34, 487. 3 

2,983.6 

0 

2,201.5 

54.6 

11,713.6 

1,048.6 

8,257.0 

1,365.5 

4,481.6 

72.709.0 

7,121.5 

975.9 

2, 964.  2 

270.0 


273,376.9 


NEW  ENGLAND  DRAINAGE  BASINS 

State 
(2) 

Num- 
ber of 
proj- 
ects 

(3) 

Proposed  Installations 

Basin 

(1) 

Oenerating 
capacity, 
thousands 
of  kilo- 
watts 

(4) 

Average 
annual 
output, 
millions 
of  kilo- 
watt- 
hours 

(5) 

Androscoggin 

Maine                - 

8 

9 

40.2 
45.5 

158.3 

Do 

New  Hampshire 

288.9 

Totalp  Androscog- 

17 

85.7 

447.2 

gin. 

1 
4 
10 
7 

19 

36.0 

40.5 

18.1 

208.6 

70.4 

229.5 

Do          

Massachusetts 

New  Hampshire 

New  Hampshire-Ver- 
mont. 
Vermont  ....  

112  3 

Do 

53.7 

Do 

642.8 

Do    

235  3 

Total,  Connecticut 

41 

373.6 

1.273  6 

6 
1 

70.2 
2.0 

186.5 

Do 

Connecticut-New 
York. 

10.4 

7 

72.2 

196.9 

Maine 

18 
2 

188.5 
1.4 

815.5 

Machias  .  

do 

5.5 

Table  1. — Undeveloped  water  potver  in  the 

United  States,  i93S— Continued 

NEW  ENGLAND  DRAINAGE  BAISIXS— Continued 


State 
(2) 

Num- 
ber of 
proj- 
ects 

(3) 

Proposed  Installations 

Dasin 
(1) 

Generating 
capacity, 
thousands 
of  kilo- 
watts 

(4) 

Average 
annual 
output, 
millions 
of  kilo- 
watt- 
hours 

(S) 

Massachusetts 

New  Hampshire 

1 
11 

6.3 
66.6 

18.1 

Do 

275.7 

Total,  Merrimack. - 

12 

72.8 

293.8 

8 
3 
3 

114.7 
12.1 
7.3 

650.7 

Saco 

do 

47.2 

St.  Croix 

do 

28.7 

4 

3 

9.0 
2.0 

36.4 

Do 

Massachusetts 

6.6 

7 
3 

11.0 
.7 

43.0 

Union               .         .  . 

2.8 

Total,  New    Eng- 
land basins. 

121 

940.0 

3, 704. 9 

NORTH  ATLANTIC  DRAINAGE  BASINS 


Delaware  

New  Jersey-Pennsyl- 
vania. 

3 

1 
4 

226.4 

27.2 
74.4 

725.0 

Do    

57.0 

Do 

New  York-Pennsyl- 
vania. 

366.0 

Total,  Delaware 

8 

16 
1 

328.0 
288.5 
128.0 

1, 148.  0 

942.7 

Lehigh 

380.0 

1 
6 

364.0 
1,006.0 

609.0 

Do 

Pennsylvania    

1,  428.  8 

Total,  Susque- 
hanna. 

7 

1.370.0 

2,037.8 

Total,   North    At- 

32 

2,114.5 

4,508.5 

lantic  basins. 

MIDDLE  ATLANTIC  DRAINAGE  BASINS 


North  Carolina 

Virginia 

5 
12 
5 
8 
1 

1 
3 
3 

14 
8 

132.0 
96.2 
18.7 
237.4 
183.0 

11.0 
420.0 
162.0 

97.0 
175.0 

295.0 

James                     

372.0 

York 

do 

53.0 

Pee  Dee 

North  Carolina 

District  of  Columbia- 
Virginia. 
Maryland 

1,031.0 

Potomac.  . 

540.0 

Do    

32.0 

Do 

Maryland-Virginia 

Maryland-West    Vir- 
ginia. 
Virginia 

1,299.0 

Do                         .  . 

463.0 

Do 

393.0 

Do       

West  Virginia 

603.0 

Total,  Potomac  .- 

30 

1,038.0 

3, 220. 0 

Virginia  

Rappahannock 

11 
3 
3 

11 

82.8 
46.0 
120.6 

117.8 

259.0 

Roanoke.  

North  Carolina 

North     Carolina-Vir- 
ginia. 
Virginia.. 

169.0 

Do._ 

4S9.0 

Do 

662.0 

Total,  Roanoke 

17 

284.4 

1, 190. 0 
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MIDDLE  ATLANTIC  DRAINAGE  BASINS— Continued 


Table  1. — Undeveloped  water  poicer  in  the 

Viiitcd  States,  i93S— Continued 

OHIO  DRAINAGE  BASIN 


State 
(3) 

Num- 
ber of 
proj- 
ects 

(3) 

Proposed  installations 

Basin 

(1) 

Generating 

capacity, 

thousands 

of  Itilo- 

watts 

(4) 

Average 
annual 
output, 
millions 
of  Icilo- 
watt- 
hours 

(5) 

North  Carolina 

South  Carolina 

1 
8 

18.2 
288.6 

77  0 

Do 

1  341  0 

Total,  Santee 

9 

306.8 

1,418.0 

Total,  Middle  At- 

97 

2,196.3 

7,838.0 

lantic  basins. 

SOUTHEAST  DRAINAGE  BASINS 


6 
3 

6 

93.5 
165.0 
144.0 

361.6 

Apalacbicola -    -_ 

Alabama-Georgia 

451  0 

Do 

423  0 

Total,  Apalachicola 

8 

309.0 

874.1 

Alabama 

Mobile  .  . 

1 
8 
13 
5 
8 

49.5 

147.4 
183.1 
92.6 
33.3 

132  8 

Do 

Georgia  .  . 

632  8 

Blacli  Warrior 

Alabama 

545.5 

Tombigbee..  .. 

..    do    .. 

443  4 

Do 

Total,  Mobile.. 

35 

505.9 

1,804  9 

3 
11 

1 

72.7 
526.4 

31.4 

219  2 

Do 

Georgia-South    Caro- 
lina. 
South  Carolina 

1,688.3 
66  5 

Do 

Total,  Savannah. 

16 

629.5 

1,874.0 

Total,     Southeast 

63 

1,637.9 

4,914.5 

basins. 

TENNESSEE  DRAINAGE  BASIN 


T.  V.  A.  approved  proj- 
ects: 
Main  stream... 

Alabama. 

3 

1 

4 
1 

1 

800.4 
160.0 
534.0 
120.0 
100.8 

2  819  0 

Kentucky  . 

664  0 

1,882.0 

North  Carolina 

965  0 

Total  T,  V.  A  proj- 
ects  

10 

11,715.2 

6  550  0 

Alabama. 

Other  projects:  Tributa- 

5 

2 

1 

38 

91 

7 

30.4 
14.6 
8.0 
530.8 
1,764.9 
31.8 

114  6 

ries. 

61  0 

Mississippi .. 

34  4 

North  Carolina 

Tennessee . 

1,777.0 

6,818.6 

137  1 

Virginia 

Total,  other  proj- 

144 

2,370.4 

7,942.7 

Total,    Tennessee 

154 

4,085.6 

14  492  7 

Basin. 

State 
(2) 

Num- 
ber of 
proj- 
ects 

(3) 

Proposed  installations 

Basin 
(1) 

Generating 
capacity, 
thousands 
o(  kilo- 
watts 

(4) 

.\verag6 
annual 
output, 
millions 
of  kilo- 
watt- 
hours 

(5) 

Big  Sandv. 

Kentucky 

2 
1 
1 

3 

21.3 
24.7 
16.3 

83.4 

116  0 

Do 

Kentucky-Virginia 

Kentucky-West    Vir- 
ginia. 
Virginia 

61.0 

Do 

88  0 

Do    . 

194  0 

Total,  Big  Sandy.. 

7 
16 
4 

145.7 
643.8 
205.2 

459.0 

Cheat 

1,524.5 
629  3 

Clarion  . 

5 
8 

358.7 
575.1 

1,461.8 
3  048  0 

Do... 

Tennessee  . 

Total,  Cumberland 

13 
7 

933.8 
71.9 

4  509  8 

175.2 

13 
14 

464.4 
1.009.9 

1.  332  0 

Do  -. 

West  Virginia 

4  739  0 

Total,  Kanawha. 

27 
8 
1 
5 
3 

1,474.3 

160.2 

44.6 

241.0 

67.0 

6,071  0 

464.0 

Ohio. 

Ohio-West  Virginia... 

169  0 

Wabash.. 

447.0 

Youghiogheny. 

Maryland 

317  5 

Total.Ohio  Basin. 

90 

3,987.4 

14, 766. 3 

GREAT  LAKES  DRAINAGE  BASIN" 


'  Includes  present  installations  as  follows: 

Main  stream:  Alabama,  246;  Kentucky,  0;  Tennessee,  72.  Tributaries:  North 
Carolina,  0;  Tennessee,  100;  Total,  418,  and  also  the  capacity  of  future  units  that  could 
be  added  in  empty  stalls  now  provided. 


Au  Sable 

Michigan 

6 
7 
2 
1 
1 
3 
6 
1 
1 
2 
3 

14 
9 

56.7 

31.9 

7.8 

11.4 

2.5 

0 

20.3 

2.3 

5.6 

6.5 

247.8 

45.5 

87.4 

1S6.S 

139.  S 

Bad 

Wisconsin    .. 

43.0 

60.0 

Beaver  Bay _ 

do 

15.0 

Black    . 

New  York 

265  0 

Brule - 

Minnesota 

109  0 

Do   ... 

Wisconsin 

16  0 

25.8 

Devil  Track 

do 

24.7 
454  0 

144.1 

Manistee 

Michigan . 

211.3 

Michigan 

Menominee 

10 

10 
1 

15.5 

51.5 

2.1 

101.0 

Do  ...    . 

Michigan-Wisconsin . . 

263  0 

Do 

12.0 

21 

13 

69.1 
49.3 

376.0 

196.1 

Michigan-Wisconsin . . 
Wisconsin 

2 
1 

4.5 
3.1 

22.0 

Do 

15.0 

Total,  Montreal... 

3 

5 
8 
1 
3 
7 
16 
3 
6 
2 

7.6 
95.0 
29.6 
160.0 

5.7 
24.3 
60.  S 
15.4 
23.2 
11.9 

37.0 

Moose 

New  York 

502.5 

142.0 

Niagara . 

New  York 

1,  140. 0 

Oconto    . 

Wisconsin 

30.0 

Ontonagon 

Michigan .. 

126.2 

Otter  Creek    . 

Vermont 

233.2 

Peshtigo 

73.1 

Pigeon 

Minnesota 

do 

100.6 

64.0 
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Table  1. — Undeveloped  water  power  in  Ihe 

United  States,  i95S— Continued 

GREAT  LAKES  DRAINAGE  BASIN"— Continued 


State 
(2) 

Num- 
ber of 
proj- 
ects 

(3) 

Proposed  Installations 

Basin 

(1) 

Generating 
capacity, 
thousands 
of  kilo- 
watts 

(4) 

Average 
annual 
output, 
millions 
of  kilo- 
watt- 
hours 

(5) 

Foultney... 

New  York-Vermont.. 
Vermont...........  . 

2 

4 

5.7 
1.9 

23.8 

Do                 

7.3 

Total,  Poultney.... 

6 
17 
21 

7.6 
65.3 
33.6 

31.1 

New  York 

623.1 

.  .  do 

177.2 

3 
2 

8.0 
7.2 

30.0 

Do       

Michigan 

30.0 

Total,  St.  Joseph.. 

5 
1 
3 

24 
5 

15 
6 

15.2 
820.0 
8.5 
34.6 
18.6 
83.1 
32.5 

60.0 

St.  Lawrence 

New  York 

6, 115.  0 

St.  Louis 

79.4 

St.  Regis              

New  York 

276.7 

105.0 

Wlmooski                  ... 

Vermont..... 

216.2 

Wolf                

Wisconsin 

102.0 

Total,  Great  Lakes 

245 

2, 195. 6 

12,471.7 

UPPER  MISSISSIPPI  DRAINAGE  BASIN 


Big  Fork 

Minnesot* 

4 

1 
13 

6.5 

2.5 

60.7 

25.9 

Black            

Wisconsin 

6.0 

Chippewa  .    

do 

279.1 

Iowa 

Dcs  Moines         .  -  .-..- 

9 

1 

37.7 
17.2 

118.0 

Do 

Iowa-Missouri. 

81.0 

Total,  Des  Molces. 

10 
8 
16 

4 
9 

54.9 
85.1 
80.8 
6.9 
7L1 

229.0 

nilnols                

minob 

385.5 

Iowa          .  

Iowa 

327.3 

Little  Fork  

29.2 

MIssIssIddI.  UDoer 

.  .  do 

363.5 

Illinois 

Rock          

6 
2 

26.4 
1.7 

131.3 

Do 

Wisconsin  ... 

8.0 

8 

28.1 

139.3 

Mtnnesota-Wlsconsln. 
Wisconsin ... 

St.  Croli 

1 
1 

30.0 
3.0 

125.6 

Do    

9.0 

Total,  St.  Crolj 

2 

2 
7 

33.0 
6.8 
31.0 

134.5 

Vermillion         .  -.  ..... 

Minnesota......... 

27.8 

Wisconsin  ... . 

Wisconsin 

177.4 

Total,  upper  Mis- 
sissippi basins. 

84 

466.4 

2  124.5 

MISSOURI  DRAINAGE  BASIN 


Big  Hole 

Cheyenne 

Gallatin 

Gasconade 

Madison 

Missouri,  upper.. 


Montana 

South  Dakota. 

Montana 

Missouri 

Montana 

do 


50.0 
13.6 
24.0 
85.0 
23.8 
1,434.0 


15L0 
54.6 
110.0 
359.8 
15Z0 
4,346.0 


Table  1. — Undeveloped  water  power  in  the 
United  States,  iS5S— Continued 

MISSOURI  DRAINAGE  BASIN— Continued 


Slate 
(2) 

Num- 
ber of 
proj- 
ects 

(3) 

Proposed  installations 

Basin 
(1) 

OeneratlDS 
capacity, 
thousands 
of  kilo- 
watts 

(4) 

Average 
annual 
output, 
millions 
of  kilo- 
watt- 
hours 

(5) 

Platte 

Colorado 

2 
3 
8 

19.1 
40.2 
210.5 

96  0 

Do 

316.0 

Do 

827.0 

Total,  Platte 

13 

269.8 

1,239  0 

4 

11 

449.0 
267.9 

1, 720. 0 

Do 

Wyoming 

1,653  0 

Total,  Yellowstone. 

15 

716.9 

3.273.0 

Total,       Missouri 

52 

2,617.1 

9,689.4 

basins. 

SOVTUWEST  MISSISSIPPI  DRAINAGE  BASIN 


1 
1 
1 
4 

25.0 

13.  S 

1.0 

132.8 

103.0 

41.0 

Grand      ..... 

Missouri        ..      .  . 

4.9 

Do 

Oklahoma 

890.4 

Total,  .Arkan- 
sas  ... 

7 
3 

172.3 
28.5 

1,039  3 

130.2 

do 

Red,  lower  .    ...  .  . 

6 

8 
3 
5 
10 
1 

69.5 
115.0 
47.0 
56.6 
278.0 
7.6 

340.0 

Do 

Louisiana 

659. 0 

Do 

Loulslana-Tcxas 

Oklahoma                .  . 

253.0 

Do    .. 

146  0 

Do 

Oklahoma-Teias 

Texas 

964.0 

Do 

29.0 

Total,  Red    . 

33 

673.7 

2,391.0 

13 

1 
2 
2 

443.7 
81.0 
40.0 
26.9 

1,640.0 

Do 

308.0 

White,  lower  . 

.Arkansas....  ...  ..... 

145.0 

White, lower.  Black.. 

Missouri    ..... 

101.0 

Total,  White 

18 

691.6 

2.194.0 

Total,    southwest 
Mississippi   Ba- 

61 

1,366.1 

5, 754.  t 

LOWER  MISSISSIPPI  DRAINAGE  BASIN 


Pearl 

3 
1 
8 

4L7 
12.7 
79.8 

206.0 

Do 

Louisiana-Mississippi. 
Mississippi 

63.0 

Do 

444.0 

Total,  Pearl  .... 

12 

134.2 

712.0 

Total,  lower  MIs- 
siss'ippl  Basin 

12 

134.2 

712.0 
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Tarle  1. — Undeveloped  water  power  in  the 
United  States,  i95S— Continued 

WESTERN  QULF  DRAINAGE  BASIN 


Table  1. — Undeveloped  water  power  in  the 
United  States,  7 9JS— Continued 

CALIFORNIA  DRAINAGE  BASINS— Continued 


State 
(3) 

Num- 
ber of 
proj- 
ects 

(3) 

Proposed  installations 

Basin 
(1) 

Generating 
capacity, 
thousands 
of  kilo- 
watts 

(4) 

Average 
annual 
output, 
millions 
of  kilo- 
watt- 
hours 

(3) 

Brazos 

Tesas 

7 
4 
8 
4 

62.1 

9.8 

22.5 

38.0 

295  3 

Calcasieu    ..  .  

Louisiana  .  . 

42-0 

Guadalupe 

Texas 

115  8 

Rio  Grande,  upper 

New  Mexico    _.  . 

250.5 

Total,    western 
Gulf  basins 

23 

132.4 

703.6 

COLORADO  BASIN 


Main  Stream 

Arizona                -.    - 

3 

1 
2 
2 
3 
8 
1 

3 
1 
2 

26 
6 

26 
5 

11 
4 
3 
3 

1,  459. 0 
80.0 

1, 097.  5 
58.5 
607.8 
65.0 
21.0 

9.8 
12.8 

7.0 
272.1 
93.4 
714.3 
57.3 
51.7 
96.4 

9.7 
18.7 

7, 643. 5 

Do 

Arizona-California 

Arizona-Nevada 

526.0 

Do 

5, 128. 5 

Do 

476.9 

Do 

Utah  . 

3,294.6 

AU-.Vmerican  Canal 

California 

502.2 

do.. 

175.0 

Tributaries: 

Blue 

71.9 

Dolores 

Colorado-Utah 

Colorado- 

112.1 

Eagle 

50.6 

Gila 

Arizona... 

1, 593. 9 

Greene 

Colorado 

816.4 

Do 

Utah 

4,248.5 

251.2 

Roaring  Fork    

Colorado.  .  

402.6 

Utah 

549.3 

San  Miguel        

Colorado.  .      

73.5 

Taylor.. 

do _ 

153.7 

Total,  Colorado 
Basin      .  

110 

4,732.0 

26,  070.  4 

THE  GREAT  BASIN 


Bear 

2 

1 
5 

33.4 
5.7 
12.9 

98.5 

Do 

Utah 

4.4 

Weber 

do 

104.2 

Total,  Great  Basin 

8 

52.0 

207.1 

CALIFORNIA  DRAINAGE  BASINS 


EeL.. 

California 

13 
2 

218.0 
20.0 

1, 156.  8 

Gordon  Creek..  

...  do  

98.6 

do.. 

Elamath: 

13 
4 
U 

1,115.4 
169.0 
393.0 

7,229.0 

Do 

Oregon 

876.1 

Trinity 

2,011.5 

Total  Klamath.. 

28 
7 

17 
1 

1,677.4 

79.0 

118.2 

1.5 

10, 115. 6 

Mad 

403.0 

Owens 

do 

669.3 

do 

12.2 

State 
(3) 

Num- 
ber of 
proj- 
ects 

(3) 

Proposed  installations 

Basin 
(1) 

Generating 
capacity, 
thousands 
of  kilo- 
watts 

(4) 

Average 
annual 
output, 
millions 
of  kilo- 
watt- 
hours 

C5) 

Sacramento: 

do 

6 
25 
3 
5 
22 
4 
9 
21 

607.2 
517.0 
54.0 
60.0 
808.6 
221.5 
360.0 
171.9 

2.606.2 
2  037  4 

American           _    

do 

do 

Deer  Creek 

do 

394  0 

Feather 

McCIoud 

Pit 

do 

do 

.  do  .. 

3,817.0 
1,171.2 
1  987  3 

Yuba 

do - 

1  013.9 

95 
2 

2,  700.  2 
2  8 

13,334.9 
9  4 

Balton  Sea:  Snow  Creek. 

California 

do 

San  Joaquin: 

26 
20 
7 
3 
16 
10 

304.8 
710.0 
69.5 
56  5 
231.0 
184.1 

1,373.9 
4  096  7 

Kings  .    ...  - 

.      do 

do 

270.5 

Mokelumne .. 

do    . 

377  8 

do 

1  550  1 

Tnijlnmrifi 

do 

976  5 

Total,  San  Joaquin 

82 
2 

1,545.9 
91.6 

8  645  5 

Smith 

California 

458  0 

Total.     California 

249 

6,454.5 

34,  903. 3 

PACIFIC  NORTHWEST  DRAINAGE  BASINS— Continued 


Columbia,  main  stem 

Do 

Oregon-Washington... 

5 
6 

3 
3 

4 
1 

17 

20 
2 
6 
7 

13 
1 
1 

15 
2 
3 

12 
2 

2 
2 

16 
8 

23 

1,644.8 
6,449.8 

37.3 

102  5 

183.4 

448.0 

377.4 

508.1 

5.7 

284.0 

46.6 

118.8 

21.4 

33.3 

356.0 

26.9 

10.3 

67.1 

5.6 

12.7 
28.6 
244.9 
61.4 

168.6 

10,  497. 1 
42, 160. 5 

Columbia,  tributaries: 

Chelan 

Clark  Fork      

do 

Idaho 

267.1 
834  0 

Do 

1,191.4 

Do       

Washington 

3,081  6 

do 

2, 988. 6 

Deschutes        

Oregon . 

3,779  0 

42.9 

Flathead 

Montana 

2,  362  8 

376.0 

Klickitat    .         .  ,.- 

Washington  .. 

907.8 

Idaho.- 

161.2 

Do 

Montana 

249.8 

1,751.5 

Little  White  Salmon- 

..    do 

177.8 

do - 

77.1 

Sandy        

Oregon 

455.0 

48.0 

Snake.    (See  follow- 
ing.) 
.Spokane  

Idaho 

94.6 

Do 

Washington 

225.1 

.--.  do 

2,041.3 

White  Salmon 

Willamette.  (See  fol- 
lowing.) 

do 

do 

469.9 
1, 335.  7 

Total,    Columbia, 

174 

11,  243.  2 

75.  575. 8 

except  Snake  and 
Willamette. 
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Table  1. — Undeveloped  water  power  in  the 
United  States,  i93S— Continued 


PACIFIC  NORTHWEST  DRAINAGE  BASINS 

Stale 
(2) 

Num- 
ber of 
proj- 
ects 

(3) 

Proposed  installations 

Basin 
(1) 

Qoncrating 
capacity, 
thousands 
of  kilo- 
watts 

(4) 

Average 
annual 
output, 
millions 
of  kilo-    1 
watt- 
hours     i 

(5) 

Snake,  mala  stem 

Idaho    

26 
S 
4 

4 

14 
40 
9 
4 
7 
5 
19 
106 

66&1 
775.8 
271.3 
110.8 

45.3 
281.3 
84.7 
62.6 
83.6 
45.1 
113.7 
785.7 

5, 399.  6 

Do          

Idaho-Oregon 

6,165.0 

Do 

Washington  . 

2, 376.  6 

Do            

Wyoming 

(84.  2 

Snake,  tributaries: 

Boise                  

Idaho  

375.0 

Clearwater 

do                   

2, 070. 9 

Grande  Ronde 

Oregon  . . 

640.7 

Do       

629.9 

Henrys  Fork 

Idaho 

678.9 

368.8 

Idaho 

855.7 

Salmon 

__    do     

«,  257.  7 

Total,  Snake 

243 

3,325.9 

26,303  0 

Oregon  .  ..  

WiUamette: 

Coast  Fork         . 

7 
17 
22 

9 
10 
11 
10 

9.8 
229.4 
348.8 
200.2 
65.0 
45.7 
168.6 

70.0 

Middle  Fork 

McKenzie      

do 

„    do        

1.203.9 
2, 093. 7 

do 

1, 157. 6 

Santiam,  South  .    .. 

do                    

402  5 

Molalla          

do        

305.1 

do 

1, 298. 3 

Total,  Willamette. 

86 

1,057.6 

6,631.1 

603 

2 

3 
3 
6 
8 
1 
1 
7 
6 

16 
3 

26 
4 

18 
6 

10 

18,626.6 

6.1 
26.6 
20.4 
24.4 
65.8 
12.0 
2.0 
59.0 
135.1 
127.9 
7.7 
1,254.0 
41.9 
243.6 
146.7 
135.0 

108,409  9 

Basin. 
Puget  Sound: 

42.9 

do                   

162  7 

Duckabush  

do     

144.3 

do 

159.9 

Elwha              

do         

522  7 

do 

89.3 

Lilliwaup  Creek 

do              

17  5 

do 

478.9 

do 

869.4 

Puyallup 

...  do      

846  6 

do 

54. 1 

Skagit        

.  .  do             

5,424.9 

do 

267.8 

Skykotnish        ...... 

do 

1, 678  9 

Snoqualmie 

Stillaquamisb— 

"".6o,..'. 

893.7 
825.4 

118 

2,308.2 

12,479.0 

Oregon                     

Oregon  Coast: 

CoQuUle           ... 

6 
3 
6 

29 
4 
7 

25 
6 

30.7 
174.0 

11.6 
408.2 

55.0 

13.6 
430.8 

18.1 

265  6 

Nehalem 

do 

do 

761.0 
87.6 

RoQue  

.  .  do   

3,291.3 

do 

246.9 

Trask 

„    do               

95.6 

do 

3,016.0 

Wilson 

do 

118  0 

Total.  Oregon  coast. 

85 

1,142.0 

7,882.0 

Washington 

Washington  coast: 

Chehalis 

4 
10 
1 

26.8 
101.1 
20.0 

223.7 

Hoh 

do 

813.6 

North 

do 

87.6 

Table  1. — Undeveloped  water  power  in  the 
United  States,  7958— Continued 

SOUTHEAST  DRAINAGE  BASINS— Continued 


State 
(2) 

Num- 
ber of 
proj- 
ects 

(3) 

Proposed  installations 

Basin 
(1) 

Generating 
capacity, 
thousands 
of  kilo- 
watts 

(4) 

Average 
annual 
outnut, 
millions 
of  kilo- 
watt- 
hours 

(5) 

Washington  coast— Con. 
Ojette       

do 

1 
5 
3 

.8 
42.3 
42.1 

6.6 

Qulnault 

do 

29Z4 

do 

324.7 

Total,  Washington 
coast. 

24 

233.1 

1,748.6 

730 

19,309.9 

130,519.6 

basins. 

Any  sucli  broad  compilation  as  that  given  in  table  1 
should  therefore  not  be  considered  precise  or  final; 
changes  in  the  cost  of  money,  the  cost  of  labor,  the  cost 
of  fuel,  the  location  of  the  power  market,  or  the  char- 
acteristics of  the  power  load  might  gi-eatly  affect  the 
classification  of  many  known  undeveloped  water-jjower 
sites. 

Subject  to  these  qualifications,  the  summary  pre- 
sented in  table  1  is  an  approximate  measure  of  the 
principal  undeveloped  water-power  resources  of  the 
United  States. 

Long-distance  transTnission;  technological  possihili- 
ties. — Technological  changes  now  in  prospect  that  may 
affect  the  feasibility  of  water  power  include  those  re- 
lating to  long-distance  transmission  of  electric  energy. 
Repeatedly,  the  engineering  limit  of  transmission  has 
been  driven  back.  Twenty  years  ago,  it  was  generally 
felt  that  the  practical  engineering  limit  had  probably 
been  reached  and  that  that  limit  was  about  200  miles. 
Ten  years  ago,  a  bold  designer  would  have  placed  the 
distance  at  perhaps  300  miles.  Today  it  is  known  that 
we  can  design,  build,  and  operate  lines  longer  than  are 
justified  by  immediate  economic  conditions.  When 
power  can  be  transmitted  economically  several  hundred 
or  a  thousand  miles,  important  water-power  sources  will 
become  available  that  are  now  too  distant  from  existing 
markets  to  be  considered. 

Transmission  in  the  near  future  of  larger  amounts 
of  power  to  much  greater  distances  and  at  higher  volt- 
ages than  at  present  is  already  definitely  foreshadowed 
by  the  bold  engineering  advances  that  made  possible 
the  266-mile  heavy-duty  line  now  operating  success- 
fully at  287,000  volts  between  Los  Angeles  and  Boulder 
Dam.     This  line  was  pioneered,  designed,  built,  and  is 
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being  oi^erated  by  engineers  of  the  city  of  Los  Angeles 
witli  the  cooperation  of  the  United  States  Bureau  of 
Reclamation.  High-tension  transmission  of  direct-cur- 
rent power,  now  in  a  late  experimental  stage,  may  fur- 
ther widen  the  technical  limit  of  transmission  distance 
and  reduce  the  cost. 

Other  teclmological  investigations  suggest  the  pos- 
sibility of  new  or  improved  processes  in  our  basic  in- 
dustries that  may  require  large  quantities  of  low-cost 
power  such  as  may  be  made  available  by  some  of  the 
great  water  projects  of  the  future,  utilizing  local  raw 
materials  and  perhaps  creating  virtually  new  indus- 
tries where  no  such  activity  now  exists." 

The  duty  of  multiple-purpose  developments. — There 
are  rich  possibilities  for  the  development  of  water 
power  as  a  joint  purpose,  in  combination  with  other 
viseful  purposes  to  which  a  stream  may  be  adapted  or 
in  combination  with  measures  to  control  the  stream  for 
other  reasons.  It  is  probable  that  many  of  the  original 
studies  from  which  water-power  sites  were  selected  for 
inclusion  in  table  1  failed  to  give  full  weight  to  such 
possibilities  of  multiple-purpose  development. 

Historically  it  is  true  that  water-power  developments 
have  sometimes  been  permitted  that  impaired  the  use- 
fulness of  certain  streams  for  other  purposes  and  cer- 
tain streams  may  have  been  exploited  in  such  mamier 
as  to  foreclose  or  reduce  their  future  usefidness  for 
power.  More  recently  it  has  been  discovered  that  this 
apparent  conflict  can  largely  be  resolved  on  many 
streams,  and  especially  on  great  river  systems,  if  these 
resources  are  properly  utilized  and  wisely  controlled. 

It  is  the  duty  and  the  task  of  the  designer  and  of 
those  who  guide  the  application  of  public  policy  to  de- 
velop all  of  the  potential  benefits  of  great  river  sys- 
tems in  such  manner  that  their  sum  shall  be  a  maxi- 
mum. Each  should  be  and  can  be  developed  in  har- 
monj^  with  the  others;  each  should  contribute  its  share 
to  obtain  a  total  benefit  much  larger  than  would  be 
possible  by  separate  exploitation,  and  this  at  lower 
total  cost. 

Regional  Significance 

Power  requirements  of  the  relatively  near  future  will 
make  necessary  new  supplies  of  energy  exceeding  the 
potential  output  of  all  the  available  and  feasible  unde- 
veloped water-power  sites  in  most  industrial  regions. 
A  relatively  small  growth  in  the  power  load,  surely  to 
be  expected  under  anything  like  normal  conditions, 
will  bring  this  to  pass  in  a  very  few  j'ears.  The  con- 
clusion is  inescapable  that  the  potential  output  from 
any  undeveloped  water-power  site  in  these  regions  can 
be  absorbed  by  the  power  requirements  of  the  near 


future,  if  it  can  be  delivered  to  the  load  and  sold  at 
competitive  prices. 

The  total  amount  of  potential  and  feasible  undevel- 
oped water  power  within  present  economic  transmis- 
sion distance  of  the  larger  industrial  and  urban  areas 
in  the  eastern  half  of  the  country  would  not,  in  fact, 
supply  even  their  present  needs  for  electric  energy 
without  the  aid  of  fuel. 

In  13  years,  the  increase  in  power  load  would  require 
annually  an  amount  of  energy  larger  than  the  entire 
average  output  of  all  the  feasible  undeveloped  water 
sites  east  of  the  Mountain  and  Pacific  States,  if  the 
rate  of  growth  actually  experienced  in  this  region  from 
1921  to  1929  and  again  from  1932  to  1937  should  con- 
tinue. By  including  the  tremendous  resources  of  the 
Mountain  and  Pacific  States  and  the  relatively  low  in- 
crements of  power  growth  they  have  so  far  experienced, 
the  indicated  period  is  extended  to  40  years.  In  the 
Middle  Atlantic  States — New  York,  New  Jersey,  and 
Pennsylvania — less  than  9  years  of  continued  increase 
would  be  I'equired. 

Table  2. — Undeveloped  water  power  compared  with  growth  of 
generation 

[Thousands  of  kilowatt-hours] 


ICensus  region 
(1) 

Increase, 
1921-29 

(2) 

Average 
annual 
increase, 
1921-29 

(3) 

Genera- 
tion, 1937 

(4) 

Potential 
unde- 
veloped 
annual 
output 

(3) 

Ratio 
(5) 
to 
(3) 

(6) 

Ratio 
(5) 
to 
(4) 

(7) 

New  England 

Middle  Atlantic 

East  North  Central. 
West  North  Central.. 

3,291,519 
13,152,912 
14,100,838 

2,480,969 

411,440 
1,644,114 
1,762,605 

310, 121 

7,841,748 
30,837,046 
28,  404, 496 

7,771,445 

4. 508, 500 
14,23.S,900 
3,069,100 
2,689,200 

10.96 
8.66 
1.74 
8.67 

0.57 
.46 
.11 
.35 

Subtotal 

South  Atlantic 

East  South  Central... 
West  South  Central.. 

33,  386,  238 
6,  621,  729 
2,  326, 125 
3,552,870 

4, 128,  280 
827,716 
290,766 
444,109 

74,864,735 
14. 132, 766 
5,137,399 
6,387,784 

24,505,700 
22,425,000 
19,510,200 
5, 927, 200 

5.94 
27.09 
67.10 
13.36 

.33 
1.69 

3.80 
.93 

Fotal,    e.\cept 
Mountain 
and  Pacific. -- 

45,536,962 
2,116,235 
6,928,225 

5,  692, 121 
264,529 
866,028 

ICO,  512, 684 
6,777.876 

72, 368, 100 
58.844.100 

12.71 
222.  45 
164.16 

.72 

10.18 

Pacific           

14,769,070    142,164,700 

9.63 

Total,    United 
States 

64,581,422 

6,822,678 

121,049,630    273,376,900 

40.07 

2.28 

'  See    Power   Requirements    in    Electrochemical,    Electrometallargical, 
and  Allied  Industries.  Federal   Power   Commission,   193S. 


Data  compiled  by  the  Federal  Power  Commission:  see  Electric  Power  Statistics, 
19S7. 

Note  that  the  census  regions  shown  above  are  not  the  same  as  the  regional  groups 
of  drainage  basins  shown  in  table  1. 

Water  poiver  com,pared  with  rates  of  growth. — A 
very  rough  idea  of  these  relationships  may  be  gained 
by  comparing  the  average  rate  of  growth  of  electric- 
power  generation  in  each  region  with  the  relative  quan- 
tity of  water-power  generation  remaining  to  be  devel- 
oped.    Such  a  comparison  is  set  forth  in  table  2. 

In  New  England,  for  example,  the  average  rate  of 
growth  for  the  8  years  1921-29  is  shown  as  411  million 
kilowatt-hours  per  year  in  column  3.     The  total  output 
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of  feasible  umlevelopeil  watei-power  sites  is  estimated 
to  be  4.5  billion  kilowatt-hours  per  year,  column  5. 
Continued  growth  of  power  requirements  at  the  aver- 
age rate  shown  in  column  3  would  therefore  absorb 
the  total  output  of  the  undeveloped  water-power  sites 
(column  5)  or  its  equivalent  in  about  11  years. 

On  the  other  hand,  in  the  ^fountain  States  this  sim- 
ple calculation  suggests  that  more  than  200  years  of 
continued  annual  load  growtli  at  the  rate  so  far  experi- 
enced would  be  required  before  the  potential  generation 
of  all  of  this  region's  rich  heritage  of  feasible  unde- 
veloped water  power  would  fool  the  strain.  The  cor- 
responding figure  for  the  Pacific  States  is  164  years. 
If  the  growth  recorded  from  1932  to  1937  is  used  as  a 
basis,  the  indicated  period  for  the  "Mountain  States  is 
reduced  from  222  to  90  years. 

Abstracting  from  table  2,  periods  like  the  following 
appear  as  the  lengths  of  time  within  which  the  equiv- 
alent of  the  total  undeveloped  and  feasible  water-power 
generation  would  be  required  if  the  annual  growth 
experienced  in  1921-29  should  contiime: 

Census  region :  rears 

New  England 11 

Middle  Atlantic 9 

East  North  Central 2 

West  North  Central 9 

Subtotal 5. 94 

South  Atlantic 27 

Kast  South  Central 67 

West  South  Central 13 

Total  except  Mountain  and  Pacific 12.  71 

Mountain 222 

Pacific 164 

United   States 40.07 

Oversimplified  comparisons  like  these  cannot  be 
viewed  as  definite  forecasts  of  actual  future  events,  but 
nevertlieless  they  show  convincingly  that  the  need  for 
such  amounts  of  power  as  the  reinaining  water-power 
sites  can  provide  is  by  no  means  a  matter  whose  con- 
sideration may  be  delayed  until  the  remote  future. 
Katios  derived  from  the  figures  given  in  table  2  nuty 
be  high,  or  on  the  contrary  they  may  be  low. 

Prices  and  other  factors. — The  actual  future  power 
needs  of  the  several  regions  will,  of  course,  be  governed 
by  many  factors  that  may  or  may  not  follow  the  same 
course  as  in  the  18-year  period  1920-37  for  which  the 
necessary  statistics  are  available.  In  many  parts  of  the 
country  the  rate  of  growth  may  increase  in  the  future 
and  should  perhaps  be  stated  as  a  percentage  increment 
applied  to  a  steadily  rising  total.  For  example,  in 
Seattle,  Wash.,  the  total  electric  requirements  of  the 
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municipal  system  have  doubled  approximately  every 
7  years.* 

Growth  or  decline  of  population,  of  industry,  and  of 
connucrce  in  specific  areas:  discovery  of  raw  materials 
or  of  processes  now  unknown ;  progress  in  the  utiliza- 
tion of  fuels  or  in  the  design  of  water-power  structures 
and  equipment;  changes  in  the  prices  of  fuel  or  labor, 
so  largely  responsible  for  the  cost  of  fuel-generated 
power;  changes  in  the  price  of  money,  so  largely  re- 
sponsible for  the  cost  of  hydrogenerated  power — these 
and  other  factors  beyond  the  range  of  ordinary  human 
prediction  will  govern  the  actual  need  for  energy  in  a 
given  region  in  a  given  future  year  and  also  the  propor- 
tion of  this  energy  that  may  then  be  most  economically 
supplied  from  hydroelectric  sources. 

Water  -power  compared  to  1D37  requirements. — Some 
indication  of  the  possible  future  relationship  between 
undeveloped  water  power  and  other  i)ossil)le  sources  of 
energy  may  be  gained  by  comparing  the  total  feasible 
undeveloped  water-power  output  with  the  total  genera- 
tion of  electricity  for  1937.  Such  a  comparison  is  ab- 
stracted as  follows  from  colunm  7  of  table  2,  showing 
the  ratio  of  total  estimated  undeveloped  water-power 
outi:)ut  to  total  electric  output  for  1937 : 

New  England 0.57 

Middle  Atlantic •  46 

East  North  Central .H 

West  North  Central .35 

Subtotal —      ■  33 

South  Atlantic 1-59 

East  South  Central 3.80 

West  South  Central .93 

Total  except  Pacific  and  Mountain .  72 

Jlountain 10. 18 

Pacific 9-  63 

Total,  United  States 2.26 

It  should  be  carefully  noted  that  if  all  of  the  feasible 
undeveloped  water-power  sites  of  the  principal  indus- 
trial regions — New  England.  Middle  Atlantic,  East 
North  Central,  and  West  North  Central— should  be  de- 
veloped, the  resulting  total  output  would  be  only  one- 
third  of  the  actual  output  of  electricity  recorded  in 
1937  for  these  regions  from  all  sources. 

'Warning  signals  in  regional  distribution. — Potential 
resources  of  undeveloped  water  power  are  not  uni- 
formly distributed  with  respect  to  resources  of  fuel,  nor 
with  respect  to  other  natural  advantages,  including 
deposits  i)f  various  raw  materials. 


'City   of   Seattle,    Department   of   Lighting:    Annual   Report   lor   the 
Year  Ending  Decern  her  SI,  193e,  p.  68. 
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The  Pacific  Northwest,  for  example,  is  lacking  in 
important  fuel  reserves  but  is  supplied  with  water 
power  in  abundance  and  also  with  a  wide  variety  of 
i-aw  materials  from  forest,  field,  and  mine. 

The  Pacific  Southwest  lacks  coal  but  contains  oil  and 
gas  and  also  large  "reserves"  of  wafer  power.  In  the 
Rocky  Mountain  region  there  are  reserves  both  of  fuel 
and  water  power  m  moderate  abundance,  together  with 
large  known  resources  and  quite  possibly  larger  undis- 
covered resources  of  minerals.  The  Central  Great 
Plains  States,  substantially  without  power,  possess 
large  quantities  of  fuels — oil  in  the  South,  lignites  and 
semibituminous  coals  in  the  North. 

Throughout  the  Appalachian  region  of  the  South 
Atlantic  and  the  Middle  Atlantic  States,  adjacent  to 


our  eastern  coast  with  its  concentration  of  population 
antl  of  industr}',  there  are  great  reservoirs  of  the  best 
coals  and,  in  addition,  vei-y  substantial  quantities  of 
undeveloped  water  power. 

In  New  York,  Pennsylvania,  and  New  England  the 
end  of  undeveloped  water-power  resources  is  in  sight. 
Children  now  living  will  undoubtedly  have  the  oppor- 
tunity either  to  commend  the  present  generation  for  its 
foresight  in  wisely  guiding  the  development  of  the 
remaining  water  power  in  combination  with  other  water 
uses  and  controls  for  the  greatest  good  of  the  greatest 
number,  or  to  criticize  us  for  failure  to  recognize  the 
unmistakable  signals  and  to  act  with  reasonable  fore- 
sight on  the  ample  information  now  at  hand. 


CHAPTER  2.— WATER  POWER  AND  THE  DRAINAGE  BASINS* 


Intelligent  use  and  control  of  the  nation's  water  re- 
sources requires  consideration  of  possible  water-power 
development  in  connection  with  all  programs  for  river 
regulation.  Every  dam — no  matter  what  its  purpose — 
concentrates  a  head  or  fall  which  might  be  used  in  the 
generation  of  hydroelectric  power.  Converselj%  every 
dam  planned  for  water  power  may  afford  collateral 
benefits  for  one  or  more  other  purposes.  Such  other 
purposes  include  navigation,  flood-control,  irrigation, 
municipal  water  supply,  pollution  abatement,  recrea- 
tion, and  wildlife  conservation. 

MultijDle  use  of  a  given  reservoir  project  depends, 
in  theory,  on  the  economic  and  engineering  practica- 
bility of  combining  the  several  purposes.  The  reali- 
zation of  full  multiple  use  is  governed  also  by  the 
breadth  of  vision  and  ability  of  those  designing,  spon- 
soring, and  operating  the  project  and  by  the  financial 
and  statutory  limitations  of  the  sponsor  to  provide 
public  benefits  from  which  no  direct  revenue  can  be 
obtained. 

The  rich  possibilities  of  multiple-purpose  develop- 
ment have  been  obscured  by  the  failure  of  engineers, 
legislators,  and  executive  agencies,  to  recognize  these 
possibilities,  and  by  the  inability  of  private  enterprise 
to  take  into  account  any  benefits  which  would  not  yield 
direct  monetary  returns.  Out  of  an  estimated 
53,000,000  acre-feet  of  reservoir  storage  capacity  in 
projects  of  more  than  20,000  acre- feet  capacity  in  the 
United  States  in  1930,  only  about  4  percent  of  that 
storage  was  in  projects  designed  specifically  for  mul- 
tiple purposes;  though  many  of  the  others  did  in  fact 
serve  more  than  one  useful  finiction.    By  1940  approxi- 


mately 63  percent  of  an  estimated  total  of  143,500,000 
acre-feet  storage  capacity  will  be  serving  multiple 
purposes.^ 

Credit  for  this  increased  recognition  of  multiple-pur- 
pose opportunities  rests  with  public  agencies ;  responsi- 
bility for  its  continuance  is  a  challenge  to  their  ability. 
Private  interests,  lacking  any  incentive  to  provide  non- 
vendible  benefits,  cannot,  in  general,  be  expected  to 
desigii  or  finance  such  undertakings  for  profit,  no 
matter  how  large  may  be  the  total  return  to  the  public. 

Practicability  of 
Multiple  Purpose  Projects 

The  feasibility  of  combining  hydroelectric  power 
with  other  purjjoses  in  the  development  of  water  re- 
sources has  been  proved  under  many  conditions.  The 
Hudson  River  Regulating  District,  Tennessee  Valley 
Authority,  and  Boulder  Canyon  Dam  operations  (de- 
scribed later  in  this  discussion)  are  examples  of  effec- 
tive river-regulation  involving  power  production.  The 
operating  requirements  dictated  by  corollary  purposes 
may  or  may  not  permit  the  development  of  maximum 
power  at  times  when  it  would  have  maximum  value  in 
supplying  a  particular  load.  Slight  changes  in  an  op- 
erating schedule  or  in  the  design,  however,  may  permit 
the  development  of  power  with  but  slight  decrease  in 
the  primary  purpose  benefits  and  a  large  increase  in 
overall  or  total  benefits.  Some  reservoir  sites  which 
cannot  be  developed  economically  for  water  power 
alone,  may  be  economically  developed  for  power  in 


•Statement  by  the  Water  Resources  Committee. 


'  Estimates  by  W.  G.  Hoyt  of  the  V.  S.  Geological  Survey  in  un- 
publishetJ  manuscript  on  "Water  Storage  in  the  United  States  as  of 
January   1938." 
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conjunction  witli  othei-  purposes.  Likewise,  a  change 
in  design  to  provide  for  power  generation  may  render 
feasible  a  project  which  otherwise  woukl  not  be  feasible. 
The  regimen  of  operation  for  the  storage  and  release 
of  water  to  fulfill  one  pui-pose  may  have  to  be  modified 
to  meet  the  requirements  for  other  purposes.  Maxi- 
nmm  production  of  "linn"  power,  for  example,  re- 
quires that  water  storage  and  release  be  related  to 
variations  in  power  load.  For  irrigation,  water  nuist 
be  stored  during  periods  of  high  flow  and  released 
during  the  growing  season.  For  flood  control,  storage 
capacity  nuist  be  reserved  during  periods  when  floods 
may  occur.  Where  the  uses  of  water  downstream  from 
a  multiple-purpose  project  require  a  uniform  flow-  from 
hour  to  hour,  a  relatively  small  investment  in  an  addi- 
tional dam  to  create  a  re-regulating  pond  below  the 
powerhouse  will  inci-ease  the  value  of  the  power  pro- 
duced at  the  main  plant  because  it  will  enable  the  out- 
put to  be  concentrated  in  the  hours  when  the  demand 
for  power  is  greatest,  while  the  re-regulating  pond 
smooths  out  the  varying  discharge  from  the  power- 
house. 

Need  for  Integrated  Planning 

Effective  planning,  construction,  and  operation  of 
water  use  and  control  programs  in  the  future  will  re- 
quire careful  attention  by  Federal,  State,  and  local 
agencies  to  insure  a  rational  integration  of  water  power 
with  other  water  uses.  The  evolution  of  a  compre- 
hensive plan  for  integrated  basin  development  should 
bring  forth  a  series  of  single-  and  multiple-purpose 
projects,  scheduled  in  an  orderly  sequence  to  meet,  to 
the  fullest  extent  and  at  the  proper  time,  definite  needs 
as  they  arise.  The  fact  that  many  important  streams 
are  State  boundaries  or  flow  through  more  than  one 
State  emphasizes  the  necessity  for  participation  and 
guidance  by  interstate  or  Federal  agencies. 

The  preparation  of  drainage-basin  plans  involving 
water-power  development  has  been  hampered  by  lack 
of  funds  and  by  inadequacy  of  legislative  authoriza- 
tion fixing  responsibility  for  multii:)le-purpose  water- 
project  planning.  As  indicated  hereinafter,  basic 
studies,  lapking  in  the  past,  of  power-development  pro- 
grams in  relation  to  other  aspects  of  water  use  and 
control,  and  in  relation  to  present  and  prospective 
power  markets,  are  now  being  made  by  the  Federal 
Power  Commission  on  streams  subject  to  Federal  juris- 
diction under  conditions  described  in  other  parts  of 
this  report. 

The  determination  and  preparation  of  the  best  plan 
for  the  multiple-use  development  of  a  river  system  re- 
quires the  highest  grade  of  technical  experience  and 
skill.  If  insufficient  time  is  provided  for  the  assem- 
bling and  analysis  of  the  requisite  basic  data,  and  if 


the  plan  is  too  hastily  developed,  it  is  almost  sure  later 
to  be  found  to  be  imperfect,  inadequate,  unsatisfactory, 
and  wasteful. 

Federal  Responsibility 

Pursuant  to  the  provisions  of  section  1  of  the  River 
and  Harbor  Act  approved  January  21,  1927,  and  of 
House  Document  No.  308,  Sixty-ninth  Congress,  first 
session,  the  War  Department  has  made  surveys  of  and 
prepared  reports  upon  many  of  the  more  important 
river  basins  of  the  country  as  the  initial  step  in  plan- 
ning for  the  most  effective  im])r()vement  of  the  rivers 
for  the  purposes  of  navigation,  and  with  a  view  to 
making  such  improvements  in  combination  with  the 
most  efficient  development  of  the  potential  water 
power,  the  control  of  floods,  and  the  needs  of  irriga- 
tion. 

Under  the  provisions  of  section  4  (a)  of  the  Federal 
Power  Act  and  of  sections  4  and  9  of  the  Flood  Con- 
trol Act  of  1938,  the  Federal  Power  Commission  has 
statutory  authority  to  investigate  the  water-power  in- 
dustry and  its  relation  to  other  industries  and  to  inter- 
state and  foreign  commerce;  to  investigate  the  loca- 
tion, capacity,  development  costs,  and  relation  to  mar- 
kets of  water-power  sites  on  various  streams  of  the 
country;  and  to  investigate  dam  and  reservoir  proj- 
ects proposed  or  authorized  for  construction  primarily 
for  flood-control  purposes,  with  a  view  to  conserving 
the  power  values  inherent  in  such  projects.  Section  4 
of  the  Flood  Control  Act  of  1938  specifically  provides 
for  the  installation  in  flood-control  dams  of  penstocks 
and  related  facilities  adapted  to  possible  future  use  in 
the  development  of  hydroelectric  power,  when  ap- 
proved by  the  Secretary  of  War  upon  the  recommen- 
dation of  the  Chief  of  Engineers  and  the  Federal 
Power  Commission ;  and  section  9  of  the  same  act  pro- 
vides that  "The  sum  of  $1,500,000  additional  is  au- 
thorized to  be  appropriated  and  expended  by  the  Fed- 
eral Power  Commission  for  carrying  out  any  examina- 
tions and  surveys  provided  for  in  this  act,  or  anj'  other 
acts  of  Congress,  to  be  prosecuted  by  the  said  Federal 
Power  Commission."  The  sum  of  $125,000  was  ap- 
propriated to  the  Commission  for  expenditure  during 
the  fiscal  year  1939. 

Supplemental  Legislation 

While  the  Federal  Power  Commission  clearly  has  au- 
thority under  existing  statutes  to  conduct  systematic 
and  continuing  investigations  of  the  water-power  pos- 
sibilities of  any  river  basiii  or  region,  it  is  desirable 
that  supplemental  legislation  be  enacted  prohibiting 
the  construction  of  reservoirs  for  any  purpose  upon 
streams  over  which  the  Congress  has  jurisdiction  until 
after  the  several   purposes   for  which  the  reservoir 
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might  be  useful  liave  been  properly  investigated,  in- 
cluding an  investigation  of  potential  power  values  by 
the  Federal  Power  Commission. 

Pending  the  passage  of  such  additional  legislation 
establishing  a  procedure  by  which  consideration  may 
be  assured  in  the  case  of  all  jiroposed  water  develop- 
ments, and  by  which  power  development  may  be 
planned  jointly  with  navigation,  flood  control,  irriga- 
tion, and  other  jiurposes,  the  State-Federal  drainage 
basin  committees  offer  a  means  of  bringing  together  all 
related  water  plans  for  coordinated  analysis  by  the 
agencies  concerned.  Their  rej^orts  for  1937  include  for 
each  basin  a  statement  on  the  power  possibilities  in  the 
basin  and  the  best  plan  of  development  as  viewed  by 
the  Committee.-  Many  of  those  plans  are  inadequate 
because  adequate  studies  of  major  uses  of  water  in  those 
areas  have  not  as  yet  been  made.  Even  in  basins  where 
water  plans  are  relatively  complete,  the  basic  engineer- 
ing and  economic  studies  of  the  production,  transmis- 
sion, and  marketing  of  power  have  been  lacking. 

Three  Examples  of  Multiple 
Purpose  River  Regulation 

Thi'ee  examples  may  be  given  of  successful  operation 
of  storage  facilities  to  produce  the  multiple  benefits  for 
which  they  were  designed — the  Hudson  River  Regulat- 
ing District,  an  agency  of  the  State  of  New  York ;  the 
Tennessee  A^alley  Authority,  a  Federal  agency ;  and  the 
Boulder  Canyon  project  of  the  Bureau  of  Reclamation. 

Hudson  River  Regulating  District ' 

River  regulating  districts  created  luider  New  York 
State  laM-  are  for  the  purpose  of  regulating  river  flow 
"as  required  by  the  public  welfare,  including  public 
health  and  safety" ;  that  is  to  say,  to  reduce  floods  and 
increase  the  low  water  flow  of  the  rivers.  The  Sacan- 
daga  Reservoir  of  the  Hudson  River  Regulating  Dis- 
trict is  created  by  a  dam  on  the  Sacandaga  River  about 
6  miles  above  its  confluence  with  the  Hudson.  Its  ca- 
pacity above  the  low-draft  line  is  760,000  acre-feet, 
equivalent  to  13.7  inches  of  run-off  on  the  1,040  square 
miles  of  controlled  drainage  area.  Prior  to  its  con- 
struction, elaborate  studies  of  discharge  data  were 
made,  from  which  was  developed  an  operating  chart 
designed  to  maintain  at  Spiers  Falls,  an  important  pri- 
vate power  development  on  the  Hudson  River  below,  a 
minimum  regulated  flow  of  3.000  cubic  feet  per  second 
and  a  maximum  regulated  flow  of  6,000  cubic  feet  per 
second. 


'  See  tbe  series  of  Drainage  Basin  Committee  reports  published 
separately  by  the  Government  Printing  Office  to  accompany  the  report 
on  "Uininage  Basin  Problems  and  Programs — 19Sy  Revision." 

'  Coniiensed  from  Edward  H.  Sargent,  "Operation  of  Sacandaga 
Iteservoir,"  Civil  Engineering  (November  193S),  pp.  720-721. 


A  high  degree  of  low  flow  regulation  has  been  at- 
tained during  the  8  years  of  operation,  and  the  reservoir 
has  at  the  same  time  operated  with  apparently  com- 
jalete  effectiveness  to  reduce  floods;  no  water  has  passed 
over  the  spillway  in  the  8  years  of  operation.  But  for 
the  Sacandaga  Reservoir,  it  is  believed  that  the  1936 
flood  would  have  been  the  greatest  in  the  history  of  the 
Hudson  River.  At  Albany  this  flood  reached  a  crest 
of  17.7  feet  on  March  19,  with  a  discharge  estimated  at 
about  220,000  cubic  feet  per  second.  It  is  estimated 
that  the  Sacandaga  Reservoir  reduced  the  flood  flow  at 
Albany  by  about  50.000  cubic  feet  per  second,  cor- 
responding to  a  decrease  of  about  4  feet  in  flood  heights. 
The  peak  inflow  into  the  Sacandaga  Reservoir  on  March 
18  was  64.400  cubic  feet  per  second,  nearly  10,000  cubic 
feet  per  second  or  15  percent  greater  than  the  previ- 
ously estimated  "thousand  j'ear  flood."  Though  such  a 
great  flood  had  not-  been  anticipated,  the  deep  snow 
cover  had  indicated  that  a  large  flood  would  doubtless 
occur,  and  accordingly,  the  reservoir  had  been  almost 
completely  depleted  in  January  and  February  and 
during  the  first  part  of  March.  Between  March  13  and 
March  21,  approximately  340,000  acre-feet  were  im- 
pounded, but  at  the  end  of  the  flood  jieriod  the  water 
surface  elevation  was  still  almost  17  feet  below  the 
spillway  crest. 

The  Sacandaga  Reservoir  has  several  times  had  a 
large  effect  in  reducing  floods  on  the  Hudson  River,  but 
only  5  percent  of  its  $12,000,000  cost  Avas  charged  to 
flood  control.  The  remaining  95  percent  was  paid  by 
the  power  companies  whose  plants  benefit  from  the 
regulation. 

Notwithstanding  the  fact  that  its  operation  has  bene- 
fited navigation  in  several  ways,  none  of  the  cost  of  this 
reservoir  was  charged  to  navigation.  It  makes  possi- 
ble an  early  opening  of  the  Champlain  Canal  by  lessen- 
ing the  spring  floods  and  reduces  the  need  for  closing 
the  canal  during  summer  and  fall  floods.  Its  opera- 
tion also  has  increased  the  minimum  depths  in  the  Hud- 
son River  at  the  port  of  Albany;  and  because  of  the 
lowered  flood  heights,  it  has  facilitated  the  building  of 
docks  there  at  a  lower  elevation  than  otherwise  would 
have  been  required. 

The  value  of  the  Sacandaga  Reservoir  in  increasing 
the  low  flow  of  the  Hudson  River  was  thoroughly  dem- 
onstrated a  few  months  after  the  record  flood  of  1936. 
During  August  1936  the  reservoir  releases  constituted  at 
least  55  percent  of  the  flow  of  the  Hudson  River  at 
Albany.  It  is  believed  that  without  such  release  to 
dilute  sewage  and  trade  wastes  a  condition  inimical  to 
health  would  have  resulted.  In  addition,  there  were 
important  benefits  to  navigation  and  to  employment. 
From  data  obtained  from  some  of  the  beneficiaries,  it  is 
estimated  that  approximately  2,500  men  would  have 
been  thrown  out  of  employment  at  mills  along  the  river, 
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which  could  not  have  remained  in  operation  during  the 
period  of  low  flow  liad  it  not  been  for  the  reservoir 
releases. 

It  will  be  observed  that  although  the  principal  con- 
tinuing benefit  for  wliich  this  reservoir  was  designed 
(iind  the  benefit  whicli  pays  95  percent  of  its  cost)  is 
maintenance  of  power  production,  nevertheless,  it  is 
operated  under  the  law  in  such  manner  as  will  best  regu- 
late the  flow  of  the  Sacandaga  and  Hudson  Kivers  in 
the  interest  of  the  public  welfare  for  other  relevant 
purposes. 

Tennessee  Valley  Authority 

Tlie  Authority  is  empowered  to  construct  such  dams 
and  reservoirs  in  the  Tennessee  River  and  its  tribu- 
taries as,  in  conjunction  with  the  existing  dams,  will 
provide  a  9-foot  channel  in  the  river,  with  a  water  sup- 
ply to  maintain  it,  from  Knoxville  to  the  mouth;  will 
best  serve  to  promote  navigation  on  the  Tennessee  River 
and  its  tributaries;  and  will  control  destVuctive  flood 
waters  in  the  Tennessee  and  Mississippi  River  drainage 
basins.  It  is  authorized  also  to  acquire  or  construct 
power  houses,  power  structures,  transmission  lines, 
navigation  projects,  and  incidental  works  in  the  Ten- 
nesse  River  and  its  tributaries,  and  to  unite  the  various 
power  installations  into  one  or  more  systems  by  trans- 
mission lines.  Any  dam  or  reservoir  under  the  Author- 
ity's control  is  to  be  operated  so  as  to  regulate  the  stream 
flow  primarily  for  the  purposes  of  promoting  naviga- 
tion and  controlling  floods.  Electric  energy  is  to  be 
produced  at  any  such  dam  so  far  as  may  be  consistent 
with  the  two  primary  purposes,  in  order  to  avoid  waste 
of  water  power. 

The  relation  of  this  intended  coordinate  develop- 
ment of  the  Tennessee  River  system  to  programs  out- 
side of  the  Tennessee  Basin  is  recognized  by  Congress, 
in  that  the  development  is  ordered  to  be  designed  to 
benefit  the  Mississippi  Basin  also.  Though  not  specifi- 
cally recognized  in  the  authorizing  act,  a  similar  rela- 
tion exists  in  the  field  of  navigation.  In  addition  to 
providing  facilities  for  navigation  in  the  Tennessee 
Basin,  the  Tennessee  Reservoir  system  may  be  operated 
to  yield  benefits  to  navigation  in  the  lower  Ohio  and 
the  Mississippi  rivere  by  augmenting  their  dry- 
seasonal  flows. 

Incidental  values  created  are  those  from  the  recre- 
ational use  of  the  river  and  resei'voir  system,  and  from 
inci-case  in  fish  and  wild  game  through  provision  of 
higldy  favorable  conditions  for  wildlife  propagation. 

Manifestly,  this  coordinated  control  is  many  times 
more  complex  than  that  of  the  Sacandaga  Reserv'oir. 
Nevertheless,  a  coordinated  system  of  reservoirs  and 
dams  has  been  designed  and  in  large  part  built  to  ob- 
tain the  multiple  benefits  just  indicated.  Coordinated 
operation  is  well  advanced.    In  so  extended  a  s3-steni. 


there  may  often  be  special  anil  localized  requirements 
(especially  for  navigation  and  for  protection  of  con- 
struction) which  should  be  met.  and  to  which  the 
operation  of  the  whole  sj-stem  should  be  adjusted.  The 
management  of  the  complex  system  of  reservoirs  is 
supervised  by  a  special  official  who  takes  into  account 
all  legitimate  requirements  for  water  flow  or  storage. 

Tlie  complexity  of  this  planned  control  may  be  best 
illustrated  by  two  relatively  simple  operations  orders 
and  by  graphs  showing  the  results  of  such  operations. 
These  graphs  represent  conditions  achieved  by  con- 
trolled adjustment  of  many  conditions  which,  in  their 
natural  state,  are  almost  constantly  changing.  Such 
adjustment  recognizes  first  the  requirements  of  navi- 
gation and  flood  control  and,  thereafter,  the  permis- 
sible generation  of  electric  energy  and  of  other 
reqiiirements.     (Figure  1.) 

On  December  10,  1937,  instructions  from  the  Chief 
Water  Control  Planning  Engineer  to  the  Superintend- 
ent of  Power  Operations  were  in  the  following 
language : 

Referring  to  last  paragraph  of  Water  Control  Memorandum 
No.  18,  the  Guntersville  Dam  cofferdam  has  now  been  closed 
and  the  draw-down  of  Norris  Ueservolr  to  elevation  9C0  to  pro- 
vide storage  space  for  flood  control  should  be  resumed.  Also, 
Wheeler  Reservoir  should  be  drawn  down  to  elevation  550,  in 
order  to  provide,  first,  storage  space  for  regulating  flows  for 
Pickwick  Landing  Dam  construction  operations ;  second,  a  suit- 
able stage  at  Wheeler  Lock  to  permit  the  United  States  Engi- 
neers to  construct  a  concrete  retaining  wall;  and  third,  addi- 
tional depths  below  Wilson  Dam  to  aid  the  United  States  Engi- 
neers in  removing  stone  dikes  before  the  Pickwick  pool  is  raised. 

To  accomplish  the  above,  Norris  release  should  be  gradually 
increased,  beginning  today,  to  15,000  cubic  foot-seconds  and 
maintained  at  that  rate  until  the  reservoir  is  lowered  to  eleva- 
tion 9G0,  except  in  case  of  floods.  Regulated  flows  at  Chicka- 
mauga  Dam  should  not  exceed  a  maximum  elevation  of  G40  on 
the  tailwater  gage  (about  69,000  cubic  foot-seconds),  and  it  is 
desirable  that,  if  practicable,  the  flows  at  that  point  should  be 
held  below  elevation  G.37  on  the  tailwater  gage  (about  50,(X)0 
cubic  foot-seconds). 

Wheeler  Reservoir  should  be  lowered,  beginning  Monday,  De- 
cember 13,  1937,  by  gradually  increasing  the  release  to  about 
50,000  cubic  foot-seconds,  and  maintaining  that  rate  until  the 
reservoir  roaches  elevation  550,  after  which  the  reservoir  should 
be  held  at  elevation  .550,  passing  the  flow  of  the  river,  except 
in  case  of  floods.  In  case  of  floods,  Pickwick  Landing  Dam  flows 
should  be  regulated  so  as  not  to  exceed  headwater  elevation  390 
(about  160,000  cubic  foot-seconds)  until  December  15.  After 
December  15  flows  at  Pickwick  Landing  Dam  should  be  regu- 
lated so  as  not  to  exceed  tailwater  elevation  372  (about  IIS.OOO' 
cubic  foot-seconds) . 

The  accompanying  chart  shows  the  results  of  opera- 
tion under  the  above  order. 

On  May  21,  19-38,  the  instructions  were  in  the  follow- 
ing language : 

The  I'nited  States  Army  Engineers  re(iuire  a  Pickwick  Dam 
Release  of  75.0<^(0  cubic  foot-seeonds  for  about  7  hours  on  Tue.s- 
da.v.  May  24.  in  connecti<ui  with  navigation  tests.  Also  the 
Ingalls  Iron  Works  Co.  plans  to  launch  a  barge  at  Decatur  on 
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Wednesday,  May  25,  and  desires  a  stage  of  21.6  at  Decatur  for 
that  purpose. 

To  accomplish  the  above,  Wheeler  Reservoir  should  be  filled 
gradually,  beginning  today,  to  reach  about  elevation  556.0  by  S 
a.  m.,  Tuesday,  May  24,  held  steady  at  that  stage  until  6  p.  m., 
Wednesday,  May  25,  and  then  lowered  gradually  to  reach  ele- 
vation 554.5  at  midnight,  Friday,  May  27,  after  which  the  pre- 
viously outlined  malaria  control  fluctuation  schedule  should  be 
followed. 
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(From  Monthly  Chart  No.  10  of  T.  T.  A.  Reservoir  Stages 
Discharges,  December  1937) 
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(From  Monthly   Chart  No.   19  of  T.   V.  A.   Reservoir  Stages  and 
Discharges,  May  1938) 

Figure  1. — Graphs  Showing  Results  of  Planned  Control  of  T.  V.  A. 
Reservoirs. 


Wilson  Reservoir  should  continue  on  the  regular  malaria  fluc- 
tuation schedule.  Releases  at  Pickwick  Dam  should  be  regu- 
lated to  hold  the  reservoir  under  elevation  414.0  over  the  week 
end  and  to  lower  it  to  about  elevation  413.5  by  4  p.  m.,  Monday, 
May  23,  after  which  the  release  should  be  gradually  increased 
to  reach  75,000  cubic  foot-seconds  by  about  9  a.  m.,  Tuesday,  May 
24.  The  75,000  cubic  foot-seconds  release  should  be  continued 
until  the  completion  of  the  navigation  test  requiring  that  flow 
during  the  afternoon  Tuesday,  and  then  gradually  reduced  to  not 
less  than  20,000  cubic  foot-seconds.  The  release  should  then  be 
regulated  to  restore  the  reservoir  water  surface  tp  the  regular 
malaria  control  fluctuation  schedule  as  soon  as  practicable. 

The  accompanying  chart  shows  plainly  the  results 
of  operation  under  the  above  order. 

Tlie  foregoing  exhibits  show  some  of  the  technical 
problems  involved  in  operating  a  system  designed  and 
operated  primarily  for  flood  control  and  navigation 
benefits.  The  Authority  has  developed  a  procedure  for 
routing  flows  of  water  through  the  Tennessee  River  sj^s- 
tem  in  a  manner  somewhat  comparable  to  the  dispatch- 
ing of  trains  over  a  gi-eat  railway  system.  As  the 
number  of  comi^leted  dams  increases,  the  problem  of 
coordinated  operation  will  become  more  complex,  and 
at  the  same  time,  the  opportunities  for  utilizing  the 
existing  reservoir  storage  will  improve.  For  exam^^le, 
the  completion  of  the  Gilbertsville  project  near  the 
mouth  of  the  Tennessee  will  make  possible  more  flexible 
operation  of  the  upstream  reservoirs. 

Boulder  Canyon  Dam 

The  Boulder  Canyon  Project  Act  of  December  21, 
1928,  authorized  the  construction  by  the  Bureau  of 
Reclamation,  Department  of  the  Interior,  of  Boulder 
Dam,  which  was  completed  on  the  Colorado  River 
about  26  miles  southeast  of  Las  Vegas,  Nevada,  in  May 
1935.  With  the  construction  of  Boulder  Dam,  Lake 
Mead,  a  reservoir  of  unequalled  size,  was  created  in  the 
arid  valleys  and  canyons  extending  115  miles  up  the 
Colorado  River.  Lake  Mead  has  a  capacity  of  30,- 
500,000  acre-feet  of  water,  an  amount  slightly  in  excess 
of  twice  the  annual  average  flow  of  tlie  river  at  Boulder 
Dam. 

Boulder  Dam  has  provided  a  large  measure  of  con- 
trol of  the  main  stem  of  the  Colorado  River  and  has 
changed  the  character  of  that  erratic  and  once  danger- 
ous stream  for  more  than  500  miles  of  its  lower  coui"se. 
Motivation  for  construction  of  Boulder  Dam  was  found 
in  needs  arising  in  two  localities,  one  adjacent  to  the 
lower  river  and  the  other  the  southern  California 
coastal  plain,  250  miles  west.  Arid  valleys  along  the 
lower  river,  which  had  been  made  productive  by  irri- 
gation, were  endangered  by  the  uncontrolled  river 
which  threatened  them  annually  with  floods  and  with 
water  shortages.  Rapid  urban  and  industrial  develop- 
ment on  the  semiarid  Coastal  Plain  in  the  vicinity  of 
Los  Angeles  forecast  a  requirement  for  an  additional 
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water  siii)i)ly  aiul  proviiled  a  prospective  outlet  for  a 
large  block  of  hydroelectric  power. 

All  the  needs  iii  the  lower  basin  of  the  Colorado 
River  and  adjacent  area  were  considered  in  the  design 
of  the  project.  It  was  determined  that  to  fill  these 
needs  a  dam  and  reservoir  of  unprecedented  sizes 
would  be  required.  Extraordinary  physical  conditions 
above  the  dam  site  in  Black  Canyon,  in  an  area  which 
was  virtuallj'  uninhabited,  made  it  both  feasible  and 
practical  to  construct  a  Boulder  Dam  to  a  height  of 
726.4  feet,  thereby  creating  a  reservoir  which  would 
flood  146,500  aci'es.  Boulder  Dam  has  improved  the 
navigation  of  the  Colorado  River,  although  navigation 
of  the  stream  is  not  now  and  probably  never  will  be 
important,  except  perhaps  by  pleasure  craft  in  the  res- 
ervoir sections.  It  has  provided  a  large  measure  of 
control  of  floods;  it  has  insured  a  regular  and  reliable 
irrigation  water  supply  for  irrigated  areas  now  devel- 
oped and  aggregating  more  than  1  million  acres  and 
for  areas  equally  extensive  wliich  may  be  developed  in 
the  future;  it  has  provided  a  source  of  supplemental 
domestic  water  for  the  metropolitan  district  surround- 
ing Los  Angeles;  and  it  has  made  it  possible  to  gener- 
ate at  the  Boulder  Power  Plant,  at  Boulder  Dam, 
1,835,000  horsepower  of  electric  energy.  In  addition  to 
these  functions.  Lake  Mead  also  serves  as  a  wild  water- 
fowl refuge;  as  a  unique  recreational  center  of  great 
and  growing  importance;  and  as  a  catchment  basin  for 
the  silt  carried  by  the  Colorado  River  in  its  Grand 
Canyon  section. 

This  long  list  of  purposes  and  services  includes  some 
of  great  social  and  economic  importance  and  others  of 
less  but  still  notable  worth.  While  neither  in  the  au- 
thorization of  the  project  nor  in  a  program  of  opera- 
tion for  the  project  was  the  generation  of  power  the 
primary  purpose  of  Boulder  Dam,  the  plan  for  financ- 
ing Boulder  Dam  and  power  plant  depends  upon  power 
revenues,  together  with  a  relatively  small  additional 
revenue  from  sale  of  water  for  domestic  use,  to  return 
in  50  years  with  interest  at  4  percent  the  entire  cost 
of  these  structures,  estimated  at  $130,000,000,  except 
for  $25,000,000  allocated  to  flood  control,  repa}'ment  of 
which  may  be  deferred  beyond  the  50-year  period.  The 
contracts  actually  executed  for  the  lease  of  powei'  priv- 
ileges, it  is  anticipated,  not  only  will  repay  these  con- 
struction costs  with  interest  in  the  required  time,  but 
also  will  return  a  surplus  from  which  the  amount  allo- 
cated to  flood  control  will  be  repaid  with  interest  and 
from  which  comparatively  large  payments  will  be  made 
annually  to  the  States  of  Arizona  and  Nevada  in  lieu 
of  taxes. 


The  social  and  economic  values  of  the  regulation  of 
the  river  are  illustrated  by  the  facts  that  in  1934,  before 
Boulder  Dam  was  completed,  the  flow  of  the  Colorado 
River  was  so  low  during  the  late  sununer  and  fall  that 
crop  lo.sses  in  the  Imperial  Valley  of  southern  Cali- 
fornia alone  were  estimated  at  more  than  $10,000,000, 
and  that  in  the  early  summer  of  1935,  a  few  months 
after  storage  in  Lake  Mead  was  begim,  Boulder  Dam 
halted  a  flood  in  the  Colorado  River  which  very  likely 
would  have  breached  the  levees  protecting  the  Imperial 
\^illey,  since  these  levees  were  in  poor  condition  as  a 
result  of  extended  drought. 

An  indication  of  the  importance  of  the  provision  of 
a  supplemental  domestic  water  supply  to  the  cities  of 
the  southern  California  Coastal  Plain  is  found  in  the 
fact  that  13  of  these  communities  organized  a  metro- 
politan water  district  and  bonded  themselves  to  the 
extent  of  $220,000,000  for  the  construction  of  an  aque- 
duct reaching  from  the  Colorado  River  to  the  Coastal 
Plain.    Tills  aqueduct  is  now  being  completed. 

The  importance  of  Lake  Mead  as  a  wild  waterfowl 
refuge  and  as  a  sport  fishing  area,  and  the  importance 
of  the  lake  for  recreaticmal  purposes  only  now  are  being 
realized.  Prior  to  the  conunencement  of  the  construc- 
tion of  Boulder  Dam,  only  a  few  intrepid  explorers 
had  threaded  the  canyons  now  flooded  by  Lake  Mead. 
At  present,  more  than  100  conunercial  and  pleasure 
craft  ply  the  waters  of  the  lake,  and  the  trip  up  the 
lake  from  the  dam  through  the  s^Dectacular  Boulder, 
Travertine,  Iceberg,  and  into  the  lower  end  of  the 
Grand  Canyon  is  made  by  hundreds  of  people  a  month. 
Last  year,  approximately  half  a  million  persons  visited 
Boulder  Dam  and  more  than  half  this  number  took 
some  part  in  the  recreational  activities,  which  include 
bathing,  boating,  fishing,  and  sightseeing  on  Lake 
Mead.  One  of  the  major  recreational  areas  of  the  West 
already  has  develojjed  at  the  dam.  It  ranks,  when 
judged  by  the  junnbcr  of  visitors,  with  Yosemite  and 
Yellowstone  National  Parks. 

The  records  of  the  Hudson  River  Regulating  Dis- 
ti-ict,  the  Tennessee  Valley  Aulliority,  and  the  Boulder 
Canjon  Project  demonstrate  llie  practicability  of  oper- 
ating multiple-purpose  reservoir  systems  so  as  to  yield 
substantial  benefits  of  many  types  including  hydroelec- 
tric power.  A  major  objective  in  conservation  of  the 
Nation's  power  and  water  resources  is  to  insure  that 
such  combined  developments  will  be  designed  and  op- 
erated to  produce  maximum  public  benefits  wherever 
the  physical  and  economic  conditions  render  them 
feasible. 
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PART    TWO  — SECTION    III 
SUBSTITUTE   FUELS   AND    MARGINAL   ENERGY   RESOURCES 


CHAPTER  1.— THE  SCIENTIFIC  OUTLOOK 

By  H.  C.  Dickinson* 


Science,  in  the  broad  sense  of  the  term,  has  been 
instrumental  in  the  development  and  widespread  use 
of  sources  of  energy  rather  than  in  their  discovery. 
The  invention  of  sails,  windmills,  and  water  wheels 
made  power  available  from  wind  and  water.  The  inven- 
tion of  the  steam  engine  led  to  the  use  of  coal  as  a 
source  of  mechanical  jDower.  The  internal-combustion 
engine  created  a  demand  for  liquid  and  gaseous  fuels 
after  they  were  already  available,  and  countless  indus- 
trial processes  still  further  extended  the  use  of  these 
fuels.  Applications  of  electricity  created  enormous 
new  demands  for  new  supplies  of  energy  which  could 
be  converted  into  electric  power. 

Only  recently  have  science  and  technology  contrib- 
uted much  to  the  development  of  new  energy  sources 
or  even  to  the  conservation  of  those  we  have  already 
developed.  However,  as  the  demands  for  energy  in- 
crease and  the  readily  available  supplies  decline,  more 
and  more  scientific  etfort  is  being  devoted  to  raising 
the  efficiency  with  which  energy  sources  are  utilized 
and  to  the  discovery  of  new  sources.  The  steam  power 
plant  now  produces  several  times  the  useful  energy 
from  coal  that  it  did  50  years  ago.  Likewise  liquid 
and  gaseous  fuels  are  being  used  with  increasing  effi- 
ciency. New  scientific  methods  have  led  to  the  loca- 
tion of  new  petroleum  reserves,  and  improved  methods 
of  recovery  have  increased  the  percentages  of  oil  which 
can  be  recovered  from  the  wells. 

Of  perhaps  greater  importance  to  the  future,  how- 
ever, are  the  new  developments  in  the  transformation 
of  fuels  or  hydrocarbons  from  one  form  to  another. 
Present  uses  call  for  fuels  in  all  forms,  solid,  liquid, 
and  gaseous.  For  many  purposes  only  liquid  or  gas- 
eous fuels  can  be  used  efficiently.  Since  the  potential 
sources  of  these  fuels  are  much  more  limited  than  those 
of  the  solid  fuels,  particularly  coal,  we  might  be  facing 
a  shortage  of  liquid  fuels  even  while  there  remained 
a  large  supply  of  coal.  Fortunately,  thanks  to  scien- 
tific developments,  this  will  not  be  the  case.  Liquid 
and  gaseous  fuels  can  now  be  produced  at  will  from 
coal.  The  comparative  ease  with  which  almost  any 
combination  of  hydrogen  and  carbon  can  be  trans- 
formed into  almost  any  other  combination  which  may 
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be  wanted  as  fuel  justifies  the  belief  that  so  long  as 
hydrocarbons  are  readily  available,  fuels  of  all  three 
sorts  will  be  available  at  will. 

Other  potential  sources  of  liquid  fuels  are  oil  shales 
and  the  residues  of  oil  left  in  the  oil-bearing  strata 
from  which  petroleum  has  been  produced.  It  would  be 
futile  to  attemjit  at  this  time  to  estimate  the  probable 
future  productive  efficiency  with  which  liquid  fuels 
may  be  recovered  from  these  sources  as  compared  with 
coal.  Considering  only  present  technique,  it  is  prob- 
able that  coal  will  provide  liquid  fuels  at  lower  cost 
than  shales  or  oil-bearing  sands.  But  development  of 
new  methods  of  recovery  and  technique  in  treatment 
of  the  raw  materials  may  well  change  this  picture  en- 
tirely before  we  need  have  recourse  to  these  supple- 
mentary sources  of  liquid  fuel. 

It  ajjpears,  therefore,  that  scientific  and  technical 
developments  will  tend  more  and  more  toward  the  con- 
servation of  energy  resources  and  the  discovery  of  new 
sources  as  time  goes  on.  In  fact,  we  may  even  be  jus- 
tified in  ceasing  to  be  disturbed  over  the  diminisliing 
energy  resources  of  the  world,  in  our  confidence  that 
scientific  developments  will  meet  the  needs  of  the  future 
before  they  become  acute. 

However,  even  if  there  should  never  be  a  shortage  of 
available  energy  in  suitable  form,  one  other  factor 
should  not  be  overlooked.  That  is  the  ever-increasing 
cost  in  men's  efforts  required  to  make  energy  sources 
available.  Naturally,  at  first  men  have  skimmed  the 
cream,  so  to  speak.  Easily  mined  coal,  oil,  natural  gas, 
water  power  that  could  be  developed  at  little  expense, 
all  have  supplied  energy  with  little  effort.  This  gener- 
ous supply  of  readily  available  energy  has  played  a 
large  part  in  the  rapid  industrial  growth  of  America. 
Even  with  the  extension  of  science  in  the  field  of  energy 
production  the  cost  of  energy  in  terms  of  men's  efforts 
is  likely  to  increase  as  the  supplies  diminish,  and  will  do 
so  unless  technical  developments  sufficiently  increase 
the  efficiency  of  men's  efforts. 

Let  us  examine  some  of  the  present,  prospective 
energy  sources  which  may  possibl}'  be  tapped  in  the 
future  if  not  now,  and  see  what  part  science  may  play 
in  their  utilization.  In  doing  so,  we  shall  try  not  to 
compete  with  Jules  Vernes  or  H.  G.  Wells  along  vision- 
ary lines.     From  the  point  of  view  of  the  physical 
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sciences,  some  tilings  are  kjiown  to  be  impossible  be- 
cause they  call  for  the  violation  of  well  established  laws 
of  nature.  Other  things  one  may  suspect  are  impossible 
for  like  reasons,  though  one  may  not  be  able  to  show 
clearly  why  this  is  the  case.  Still  other  things,  while  not 
impossible  from  the  theoretical  standpoint,  may  be  un- 
obtainable practically  because  of  insurmountable  diffi- 
culties. 

Agricultural  Products 

Agricuitiirul  i)nKliicts,  lu'side  serving  as  foods,  afford 
sources  of  energy  in  tlie  form  of  fuels.  From  the  prac- 
tical standpoint,  all  fuels  are  derived  ultimately  from 
vegetation.  The  process  of  photosynthesis  whereby 
water  and  carbon  dioxide  from  tlie  air  are  split  up  and 
recombined  to  form  hydrocarbons  or  other  compounds 
containing  them,  accounts  for  all  the  fuels  occurring 
in  nature,  such  as  coal,  oil,  natural  gas,  shale  oil,  peat, 
wood,  and  all  combustible  products  of  vegetable  origin. 
Most  of  these  are  discussed  elsewhere  in  this  general 
report,  but  one  phase  of  the  iJroblem  may  merit  further 
attention  here. 

Photosynthesis,  of  course,  depends  on  radiation  from 
the  sun  as  a  source  of  energy  required  to  separate  hy- 
drogen from  the  oxygen  in  water  and  carbon  from  the 
oxygen  in  carbon  dioxide,  tluis  permitting  their  re- 
combination into  hydrocarbons  from  which  the  energy 
can  be  recovered  by  ordinary  combustion.  The  process 
as  it  occurs  in  nature  makes  use  of  only  the  most  minute 
fraction  of  the  solar  radiation.  In  other  words,  the 
natural  process  is  almost  unbelievably  inefficient.  The 
solar  radiation  falling  on  the  United  States  has  been 
estimated  at  some  9,000  billion  horsepower.  To  put  this 
in  another  form,  to  supply  the  amount  of  energy  re- 
ceived from  the  sun  would  require  burning  some  15  mil- 
lion tons  of  coal  per  minute.  The  entire  stored  up  fuel 
reserves  of  the  United  States,  coal,  oil,  and  gas,  if  burned 
in  1  year,  would  not  supply  as  much  energy  as  is  re- 
ceived from  the  sun  during  that  year.  Yet  these  re- 
serves have  been  many  millions  of  years  in  acciunulat- 
ing.  Only  a  part  of  the  sun's  radiant  energy  is  to  be 
found  in  those  wave  lengths  which  are  effective  in  the 
natural  process  of  photosynthesis.  Furthermore,  only 
a  very  small  part  of  this  is  used  in  ordinary  processes 
of  growth.  What  we  would  emphasize  here  is  merely 
the  fact  that  the  natural  process  utilizes  so  very  little  of 
the  available  solar  energy  that  there  is  room  for  revo- 
lutionary improvement  if  this  process  could  be  replaced 
by  a  similar  or  better  one  which  could  be  kept  under 
scientific  control. 

Briefly,  what  happens  in  photosynthesis  is  that  radia- 
tion from  the  sun  falls  on  a  substance,  chlorophyl,  pro- 
duced by  plants.    The  presence  of  this  substance  permits 


the  radiant  energy  to  remove  hydrogen  and  carbon  from 
their  combinations  with  oxygen  anil  re-form  them  into 
hydrocarbons  or  substances  containing  them,  which  can 
combine  again  with  oxygen  releasing  energy  by  combus- 
tion. There  is  no  obvious  reason  why  such  a  reaction 
can  not  be  made  vastly  more  efficient  if  the  raw  ma- 
terials, particularly  carbon  dioxide,  are  supplied  in  op- 
timum amounts.  In  the  natural  processes  of  plant 
growth,  the  latter  is  available  only  in  minute  quanti- 
ties, thus  setting  a  limit  to  the  amount  of  radiant  energy 
that  can  be  utilized. 

Conceivably,  sucli  an  accelerated  process  of  photo- 
synthesis might  result  in  an  enormously  accelerated 
process  of  plant  growth  or  it  might  become  a  purely 
chemical  process  without  the  presence  of  living  matter. 
Steps  have  already  been  made  toward  tiie  great  stimu- 
lation of  plant  growth  along  the  line  here  suggested. 
We  know  of  no  steps  as  yet  along  the  second  line.  There 
may  be  reasons  w'hy  such  are  impossible. 

The  subject  of  solar  energy  utilization  through 
photosynthesis  is  to  be  given  careful  study,  since  a 
fund  of  more  than  a  half  million  dollars  has  been  do- 
nated to  the  Massachusetts  Institute  of  Technology 
for  studies  in  this  field. 

Atomic  Energy 

During  the  past  few  decades,  as  men  have  learned 
more  and  more  about  the  enormous  amount  of  energy 
tied  up  in  the  structure  of  matter,  there  has  been 
considerable  speculation  as  to  whether  such  energy 
can  ever  be  released  for  the  practical  use  of  society. 
The  conversion  factor  in  the  equation  for  the  equiva- 
lence between  mass  and  energy  is  the  square  of  the 
velocity  of  light,  which  means  that  1  gram  of  energy 
is  equivalent  to  10  "'  ergs,  or  about  25  million  kilowatt- 
hours.  Thus  1  pound  of  fuel,  if  the  energy  equivalent 
of  its  mass  could  be  released,  would  be  sufficient  to  run 
a  1,000  horsepower  motor  from  the  birth  of  Christ  to 
6  months  after  the  birth  of  George  Washington. 

Of  course,  it  is  not  possible  to  convert  all  mass  to 
energj',  but  when  hydrogen  is  converted  into  helium, 
four  atoms  of  mass  1.008  each  are  transformed  into 
one  helium  atom  of  mass  four  with  the  result  that  1 
percent  of  the  original  mass  is  converted  into  energy. 
The  energy  from  the  conversion  of  1  pound  of  hydro- 
gen to  helium  would  thus  run  our  1,000-horsepower 
motor  about  15  years,  so  that  any  process  of  unlocking 
the  storehouse  of  atomic  energy  need  not  be  at  all  ef- 
ficient in  order  to  take  care  of  all  of  our  conceivable 
needs.  In  all  the  laboratory  experiments  so  far,  how- 
ever, only  one  atom  out  of  countless  billions  is  actually 
"transmuted,"  so  that  the  energy  required  to  make 
the  experiment  is  millions  of  times  the  energy  released. 
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It  must  also  be  considered  that  if  a  means  were  dis- 
covered to  release  atomic  energy  in  large  amounts 
without  a  method  of  controlling  the  process,  the  dis- 
covery would  probably  be  recorded  by  the  inhabit- 
ants of  other  solar  systems  as  the  formation  of  a  new 
star. 

For  the  present,  therefore,  the  utilization  of  atomic 
energy  is  to  be  classed  as  possible,  but  unattainable 
practically. 

Solar  Radiation 

Aside  from  the  use  of  solar  radiation  through 
photosj'nthesis,  there  always  remain  the  possibilities  of 
more  direct  utilization  of  it.  This  is  the  source  of  the 
mechanical  energy  which  we  derive  from  wind  and 
waterfalls.  It  has  been  used  experimentally  by  Dr. 
Abbot,  director  of  the  Smithsonian  Institution,  as  a 
source  of  power  by  means  of  a  steam  engine.  The 
direct  application  of  solar  energy  to  power  produc- 
tion oifers  both  theoretical  and  practical  difficulties 
which  seem  to  preclude  its  practical  use  except,  pos- 
sibly, under  very  unusual  conditions.  We  shall,  there- 
fore, simply  class  this  as  an  unpromising  source  of 
energy  for  practical  purposes,  at  least  so  long  as  other 
sources  are  available. 

Another  possible  source  of  power  from  solar  energy 
is  suggested  by  the  photo-electric  cell.  Some  substances 
have  the  property  of  transforming  solar  radiation  di- 
rectly into  electric  current.  The  process  as  now  known 
has  an  extremely  low  efficiency,  not  at  all  promising  as 
a  source  of  practical  electric  power.  We  mention  the 
subject  here,  however,  because  there  seems  to  be  no 
underlying  reason  why  the  efficiency  of  the  process 
should  be  as  low  as  it  is,  no  reason,  in  fact,  why  the 
transformation  of  direct  radiation  into  electric  current 
might  not  be  made  efficient  enough  for  practical  utili- 
zation. 

This  source  of  energy  we  must  look  upon,  therefore, 
as  remotely  possible  of  practical  application,  because 
we  know,  as  yet,  of  no  fundamental  reason  why  it  can 
not  be  made  much  more  efficient  than  at  present. 

The  Earth  Itself 

Some  rather  limited  sources  of  energy  are  available 
from  the  structure  of  the  earth  itself.  There  are 
marked  differences  of  temperature  between  the  sur- 
face and  the  bottom  of  the  sea,  and  likewise  there  are, 
in  some  locations,  great  differences  between  the  sur- 
face and  the  subterranean  temperatures.  Such  tem- 
perature differences  can  be  utilized,  in  theory  at  least, 
as  a  source  of  mechanical  power,  or  as  a  direct  source 
of  electric  current,  as  by  the  use  of  thermocouples. 


Tlie  sea  water  differences  have  been  the  subject  of  ex- 
tensive experiments  by  Georges  Claude,  but  with  rather 
disastrous  results.  The  heat  of  the  earth  is  utilized  in 
a  practical  way  in  some  locations,  such  as  at  Helsing- 
fors,  Finland,  where  use  is  made  of  steam  coming  from 
underground.  Other  uses  of  steam  supplies  from 
underground  have  occurred,  but,  so  far  as  we  know, 
only  where  natural  causes  have  made  them  available. 

We  must  conclude  that  such  sources  offer  no  worth- 
while promise  of  energy  except  in  limited  areas  and 
under  very  unusual  conditions.  The  limitations,  both 
theoretical  and  practical,  are  such  that  these  sources 
are  not  worth  including  among  the  available  energy 
resources.  Much  the  same  thing  may  be  said  of  the 
tides,  another  terrestrial  source  of  power.  Only  under 
very  special  and  limited  conditions,  if  at  all,  can  men 
hope  greatly  to  supplement  the  available  energy  from 
this  source. 

Summarizing  the  prospective  energy  resources  of  the 
United  States  and  the  world  as  a  whole,  from  the 
point  of  view  of  scientific  and  technical  development, 
the  picture  is  gratifying.  Solid,  liquid,  and  gaseous 
fuels  will  almost  certainly  be  available  from  stored-up 
supplies  for  several  thousands  of  years  at  the  present 
rate  of  consumption.  The  cost  of  these  fuels,  in  terms 
of  human  effort,  may  increase,  but  again,  this  increase 
may  be  offset  by  increases  in  the  efficiency  with  which 
we  utilize  man  power. 

Before  the  stored  resources  of  fuels  are  exhausted 
we  may  confidently  expect  that  the  efficiency  with 
which  we  can  use  the  energy  radiated  from  the  sun  will 
increase  so  that  there  will  be  no  acute  energy  shortage. 
Solar  energy  may  be  utilized  through  photosynthesis  to 
accelerate  plant  growth,  by  some  such  process  applied 
directly  to  the  production  of  hydrocarbons,  or  possibly 
through  a  direct  transformation  of  solar  energy  into 
electric  current.  Once  these  processes  are  established, 
the  production  of  energy  will  become  independent  of 
stored  resources.     It  will  be  definitely  renewable. 

Minor  energy  supplies  which  might  be  had  from 
differences  of  temperature  on  the  earth  or  from  tidal 
forces  are  not  worth  giving  general  consideration. 
Their  utilization  will  not  be  necessary,  and  they  will 
be  used  only  where  very  special  local  conditions 
permit  it. 

We  believe,  therefore,  that  the  United  States,  at 
least,  will  not  encounter  a  shortage  of  its  energy  sup- 
plies within  any  predictable  period  of  time.  If  its  oil 
and  gas  resources  are  exhausted  long  before  those  of 
other  nations,  the  United  States  may  face  some  handi- 
cap, in  that  the  production  cost  of  its  energy  supply 
may  be  higher  than  in  nations  which  have  conserved 
their  oil  supplies. 
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CHAPTER  2.— FOREIGN  EXPERIENCE  EN  THE  USE  OF  SUBSTITUTE  AND 

SYNTHETIC  MOTOR  FUELS 

By  Paul  L.  Hopper* 


The  United  States  Fortunately 
Situated  as  Regards  Liquid  Fuels 

Many  years  of  experience  with  a  rapidly  growing 
oil  industry,  ever  improving  its  products  and  all  the 
while  disposing  of  them  at  lower  and  lower  prices  to 
the  consumer,  has  accustomed  us  in  the  United  States 
to  take  for  granted  an  adequate  supply  of  good  motor 
fuel.  Knowing  that  gasoline  is  but  one  of  the  deriv- 
atives of  petroleum,  we  assume  too,  that  there  must 
be  produced  sufficient  Diesel  oil,  fuel  oil,  kerosene,  and 
lubricants  to  meet  the  ever  mounting  needs  of  in- 
dustry. Many  foreign  countries  are  less  fortunately 
situated  than  the  United  States,  for  deposits  of  pe- 
troleum are  not  equitably  distributed  throughout  the 
world. 

Of  the  larger  industrialized  nations,  only  the  United 
States  and  the  Union  of  Soviet  Socialist  llepublics  are 
in  a  position  to  obtain  their  requirements  of  petroleiun 
from  within  their  own  boundaries.  Neitlier  they,  nor 
the  principal  petroleum  supplying  countries — Ven- 
ezuela, Iran,  Netherlands  Indies,  Rumania,  Mexico, 
Iraq,  Colombia,  Peru,  Trinidad,  and  Bahrien  Island — 
for  the  present  at  least,  evince  more  than  an  academic 
interest  in  the  development  of  nonpeti'oleum  liquid 
fuels.  All  of  the  remaining  countries  of  the  world  are 
concerned  with  the  problem  of  obtaining  adequate  sup- 
plies of  liquid  fuels. 

Until  the  last  few  years  nations  lacking  sufficient 
petroleum  were  content  to  import  their  needs.  Alter- 
native sources  of  supply  assured  competitive  prices  in 
world  markets ;  liquefaction  of  coal  was  in  the  experi- 
mental stage,  and  there  was  little  inclination  to  try  out 
substitute  motor  fuels.  Then  ciunc  the  world-wide  de- 
pression and,  in  its  wake,  the  accelerated  demand  for 
national  self-sufficiency  in  most  countries.  Unfavor- 
able trade  balances  have  sought  correction  in  exchange 
control,  barter  arrangements,  import  quotas,  liigher 
tariffs  and  bilateral  trade  agreements,  all  of  which  tend 
to  restrict  the  free  flow  of  petroleum  and  its  products 
in  world  commerce.  At  the  same  time,  consumption  of 
petroleum  has  steadily  risen;  the  demand  for  motor 
cars,  industry,  and  shipping  has  grown  progressively 
from  year  to  year,  and  provision  for  national  defense 
has  become  the  problem  of  paramount  concern  of 
nations. 


Synthetic  and  Substitute 
Fuels  Differentiated 

Any  ajipraisal  of  the  manufacture  and  use  of  syn- 
thetic and  substitute  fuels  aside  from  shale  oils  must 
be  reflected  largely  in  German  experience.  In  that 
country  were  developed  the  basic  processes  for  the 
liquefaction  of  coal;  there  alcohol,  benzol,  and  metha- 
nol early  came  into  use  as  motor  fuel;  and,  in  Ger- 
many, the  utilization  of  miscallaneous  substitute  fuels 
first  attained  significant  proportions.  For  the  purposes 
of  this  study,  fuels  having  essentially  the  same  com- 
position of  hydrocarbons  as  gasoline,  kerosene,  gas  oil, 
Diesel  oil,  and  fuel  oil  are  considered  "synthetic  fuels." 
For  the  most  part,  they  are  obtained  from  the  lique- 
faction of  coal  or  distillation  of  oil  shale  and  may  be 
used  interchangeably  with  the  derivatives  of  petro- 
leum. Ethyl  alcohol,  methanol,  gases,  vegetable  oils, 
wood,  charcoal,  coal,  coke,  coal  dust,  etc.,  are  termed 
"substitute  fuels."  Satisfactory  utilization  of  these 
frequently  requires  adjustments  of  existing  engines 
and  even  specially  built  power  plants.  As  this  study 
is  concerned  primarily  with  motor  fuels,  other  fuels 
are  i-eferred  to  only  for  the  purpose  of  explaining  more 
clearly  the  position  of  motor  fuels.  Interest  at  present 
centers  principally  around  synthetic  fuels  due  to  their 
ready  adaptability. 

Synthetic  Fuels 

Liquefaction  of  Coal 

Essentially,  liquefaction  of  coal  consists  in  breaking 
up  the  heavy  coal  molecules  and  with  the  aid  of  added 
hydrogen,  reforming  them  into  light  hydrocarbons; 
like  those  composing  petroleum.  Additional  hydrogen 
is  necessary  to  the  reaction  because  the  ratio  of  car- 
bon to  hydrogen  in  coal,  around  15  to  16  to  1,  must  be 
reduced  to  about  7  to  1,  the  proportion  of  carbon  to 
hydrogen  in  petroleum.  The  reaction  may  be  accom- 
plished as  a  continuous  process  by  hydrogenation,  by 
the  synthesis  of  water  gas  or,  indirectly,  from  coal  tar 
obtained  from  the  manufacture  of  gas  and  coke. 


•Chief,  Fuels  Section,  Bureau  of  Foreign  and  Domestic  Commerce. 
Taper  completed  December  1.   1938. 


AL'TnoR'3  Note. — Foreign  governments  have  shrouded  developments 
In  the  synthetic  fuels  industry  with  military  secrecy  and  have  de- 
creed severe  penalties  for  those  divulging  unauthorized  information. 
Knowlcdce  is  incomplete  concerning  the  type  and  cfflciency  of  proc- 
esses used  in  new  plants  being  erected  in  Germany,  and  only  meager 
InformatiOB  is  available  dealing  with  yields  of  products  and  operating 
costs  in  France,  Italy,  and  Japan.  Fortunately,  a  less  apprehensive 
attitude  prevailing  in  England  has  permitted  the  release  of  reports 
from  which  reliable  Inferences  may  be  drawn  as  to  the  outlook  for 
the  liquefaction  of  coal.  Foreign  office  reports  of  the  Departments  of 
State  and  Commerce  and  works  of  well-known  fuel  specialists  were 
freely  consulted  in  the  preparation  of  this  study. 
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Although  coal  was  hydrogenated  in  the  laboratory 
by  Berthelot  in  1869,  Dr.  Frederich  Bergius,  German 
Nobel  Prize  winner  in  chemistry  in  1932,  is  generally 
credited  with  first  demonstrating  the  feasibility  of 
large  scale  hydrogenation.  After  some  14  or  15  years 
of  basic  research,  Bergius  in  1927  transferred  the  re- 
sults of  his  experiments  to  the  I.  G.  Farbenindustrie, 
the  great  German  chemical  trust,  which  working  inde- 
pendently of  Bergius,  had  discovered  certain  non- 
poisoning  catalysts  and  divided  hydrogenation  into 
liquid  and  vapor  phases,  both  significant  contributions 
to  the  development  of  coal  liquefaction. 

In  the  Bergius-I.  G.  Farbenindustrie  process  of  hy- 
drogenation, a  paste,  formed  of  approximately  equal 
parts  of  clean  pulverized  coal  and  heavy  petroleum  or 
coal  oil,  is  placed  in  conversion  chambei-s  maintained  at 
250-275  atmospheres;  here  the  coal-oil  paste  comes  in 
contact  with  hydrogen,  and  a  catalyst  is  added  to  speed 
up  the  i-eaction,  liquefaction  resulting  at  450°-500°  C. 
Generally,  gasoline,  an  intermediate  oil,  and  a  heavy  oil 
are  formed.  The  intermediate  oil  is  either  disposed  of 
as  a  Diesel  oil  or  vaporized  and  mixed  with  hydrogen 
and  subjected  again  to  hydrogenation  in  the  presence 
of  a  catalyst.  The  residual  intermediate  oil  may  be 
sold  as  fuel  for  low  speed  Diesel  engines,  or  thrown  in 
with  the  heavy  oil  which,  mixed  with  a  batch  of  pul- 
verized coal,  is  returned  to  serve  as  a  new  charge  for 
the  hydrogenation  plant.  Early  plants  obtained  from 
a  metric  ton  of  coal  processed  approximately  54  gal- 
lons of  gasoline,  60  gallons  of  Diesel  oil,  22  gallons  of 
fuel  oil,  18  gallons  of  lubricants,  462  pounds  of  gas,  and 
662  pounds  of  pitch.  Improved  equipment  and  tech- 
nique now  enables  the  recovery  of  over  200  gallons  of 
gasoline. 

The  foregoing  description  of  the  Bergius-I.  G.  proc- 
ess assumes  the  use  of  coal  or  lignite.  Hydrogenation 
is  also  applicable  to  tar  and  petroleum;  the  latter,  if 
subjected  to  hydrogenation,  may  be  practically  all  con- 
verted into  motor  fuel.  Moreover,  not  only  liquid 
fuels  but  a  full  range  of  synthetic  petroleum  products, 
including  lubricants  and  solid  derivatives,  can  be  ob- 
tained from  the  liquefaction  of  coal. 

Bergius-I.  G.  process  chief  factor  in  German  syn- 
thetic fuels  industry. — Almost  immediately  after  ac- 
quiring the  Bergius  patents,  I.  G.  Farbenindustrie  com- 
menced the  erection  of  the  first  unit  of  their  Leuna 
works  at  Merseberg.  Construction  of  this  plant, 
scheduled  to  produce  350,000  barrels  annually  of  gaso- 
line from  lignite,  launched  hydrogenation  on  a  com- 
mercial scale.  Failure  to  overcome  certain  technical 
difficulties  necessitated  the  use  of  low  temperature  tar 
instead  of  lignite  until  1931.  Since  then  progress  has 
been  noteworthy.  The  Leuna  works  has  been  enlarged 
to  a  capacity  of  approximately  3,000,000  barrels  of  gas- 


oline a  year.  Three  additional  plants,  each  having  an 
annual  potential  output  of  around  1,275,000  barrels  of 
gasoline,  have  been  built  by  the  Braunkohlen  Benzin, 
A.  G.  This  concern,  set  up  by  I.  G.  Farbenindustrie 
and  several  lignite  mining  companies,  operates  plants 
at  Bohklen,  Schivarheide,  and  Magdeburg.  The 
Braunkohlen  Benzin  A.  G.  group,  including  the  plant 
under  construction  at  Zeitz,  is  expected  to  produce 
around  3,600,000  barrels  of  gasoline  in  1938. 

It  is  reported  that  soon  the  Union  Eheinischa 
Braunkohlen  Kraftstoff,  A.  G.,  will  build  a  new  plant 
to  hydrogenate  lignite  near  Cologne,  and  that  at  Politz 
a  similar  plant  is  to  be  constructed  by  the  Hydrier- 
werke  Politz,  A.  G.  Approximately  90  percent  of 
Germany's  synthetic  gasoline  was  produced  by  the 
Bergius-I.  G.  method  of  hydrogenation  in  1937.  Total 
output  is  stated  to  have  been  from  6,800,000  to  7,000,000 
barrels  of  gasoline,  870,000  barrels  of  Diesel  oil,  and 
2,130,000  barrels  of  fuel  oil  from  the  liquefaction  of 
coal  in  that  year. 

Liquefaction  of  coal  also  accomplished  iy  synthesis 
of  water  gas. — Eanking  second  in  importance  to  the 
Bergius-I.  G.  process  is  the  Fischer-Tropsch  method  of 
producing  syntlietic  fuels,  which  may  in  the  future 
outdistance  its  older  rival.  German  experience  would 
indicate  that  Fischer-Tropsch  units,  smaller  than 
plants  employing  tlie  Bergius-I.  G.  process,  can  be 
operated  about  as  economically  as  the  latter ;  that  these 
small  units,  properly  scattered  and  eflFectively  camou- 
flaged, are  relatively  secure  from  aerial  attack.  More- 
over, the  gas-synthesis  process  may  be  used  advanta- 
geously in  conjunction  with  the  high-temperature  car- 
bonization of  coal.  Called  hydrogenation,  it  is  really 
a  form  of  polymerization.  Water  gas,  made  from  coal 
or  coke,  is  converted  into  a  "synthesis"  gas  composed  of 
hydrogen,  carbon  monoxide,  and  carbon  dioxide,  re- 
spectively, in  the  approximate  proportion  of  56,  28,  and 
16  percent  by  volume.  The  gas  thus  formed  is  freed  of 
sulphur  and  in  the  presence  of  a  suitable  catalyst,  gen- 
erally finely  divided  nickle  or  cobalt,  passed  into  re- 
action chambers  at  atmospheric  pressure  where  syn- 
thesis occurs  at  180°-210°  C.  Cooled  by  water,  the 
heavy  distillate  vapors  readily  condense.  The  light 
fractions  remaining  in  the  gas  are  absorbed  in  high- 
grade  coal  or  activated  charcoal.  Upon  application  of 
heat,  light  distillate  vapors  are  formed;  on  cooling, 
these  condense.  It  is  said  that  current  operations  en- 
able a  metric  ton  of  coal  to  be  converted  into  62  per- 
cent gasoline,  26  percent  Diesel  oil,  10  percent  gas, 
and  2  percent  paraffin.  (Coal  is  pi'esumably  free  of 
ash  and  water.) 

Drs.  Franz  Fischer  and  H.  Tropsch,  originators  of 
the  process  bearing  their  names,  commenced  work 
ai'ound  1925,  but  practically  no  commercial  exploita- 
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tion  of  this  method  of  manufacturing  synthetic 
petroleum  products  occurred  until  1934.  In  that 
year,  Ruhrchemie,  A.  G.,  owner  of  the  process  but 
operating  through  Ruhr  Benzin,  A.  (t.,  began  con- 
struction of  three  plants  in  Rhenish  Westphalia.  It 
is  reported  that  another  plant  has  recently  been  com- 
pleted at  Bradonburg  and  that  three  additional  plants 
are  scheduled  for  early  erection.  Aggi'egate  annual 
output  of  gasoline  in  Germany  by  the  Fischer-Tropsch 
process  is  expected  to  account  for  a  substantial  portion 
of  the  total  production  of  synthetic  fuels  during  the 
next  few  years. 

Other  means  of  converting  coal  to  liquid  fuels,  in  a 
sense  about  midway  between  hydrogenation  and  car- 
bonization, are  being  developed  in  Germany.  A  plant 
was  recently  set  up  in  the  Ruhr  by  Ruhrul  G.  m.  b.  H. 
Battrop  to  work  the  Pott-Broche  process.  By  it  coal 
or  lignite  is  treated  with  solvents,  generally  tetraline, 
phenol,  or  phenolene,  yielding  a  pitch  which  is  con- 
verted into  synthetic  fuels.  This  process,  as  well  as 
the  Ulide  method  for  liquefying  coal,  recently  reported 
abandoned,  produces  principally  heavy  oil.  This 
heavy  oil  in  turn  must  be  hydrogenated  if  a  substan- 
tial quantity  pf  gasoline  is  to  be  recovered. 

Gas  and  cohe  pl-ants  supply  suhstitute  fuels  and 
materials  for  synthetic  fuel  manufacture. — Liquefac- 
tion of  coal  by  hydrogenation  and  variations  of  that 
method  have  resulted  in  a  reappraisal  of  the  carbon- 
ization industries  as  a  source  of  liquid  fuels.  In  this 
field  Germany  has  not  monopolized  achievement,  as 
competitors,  particularly  Great  Britain,  have  made 
notable  progress. 

Coal,  if  heated  out  of  contact  with  air  to  1,000°- 
1,200°  C.  yields  gas,  useful  for  illumination  and  fuel, 
metallurgical  coke  and  a  residue  of  tar.  Benzol  is  ob- 
tained by  scrubbing  the  gas,  while  the  tar,  after  dis- 
tillation to  recover  additional  benzol,  may  be  utilized  as 
heavy  boiler  fuel  or  further  refined  to  yield  creosote. 
Creosote  can  be  mixed  with  pulverized  coal  to  form 
the  paste  serving  as  a  charge  for  hydrogenation. 

If  coal  is  carbonized  at  lower  temperatures,  say  400°- 
800°  C,  there  is  obtained  as  the  principal  product  a 
semi-coke,  highly  esteemed  as  domestic  fuel,  gas,  and 
about  twice  as  much  tar  as  with  high-temperature 
carbonization.  The  gas  may  be  stripped  of  its  gaso- 
line content.  Gasoline  and  fuel  oil  are  obtained  if  the 
tar  is  distilled  or,  the  tar  may  be  subjected  to  hydro- 
genation and  converted  into  80-90  percent  of  its  weight 
in  motor  fuel. 

Gas,  creosote,  and  low-temperature  tar  resulting 
fi'om  the  carbonization  of  coal  are  raw  materials  which 
may  be  processed  to  yield  motor  fuels.  Benzol,  used  as 
a  fuel  blend,  creosote  and  illuminating  gas  when  uti- 
lized as  substitute  motor  fuels  and  coke  where  used  to 


produce  gas  in  an  engine  propellant  are  referred  to 
elsewhere  in  this  study. 

Carbonization  industries  coordinated  with  coal 
liquefaction  in  Germany. — Gas  and  coke  plants  in 
Germany  have  been  instructed  to  install  the  latest  car- 
bonization plant  in  order  to  effect  the  maxinumi  recov- 
ery of  benzol  and  tar.  Improved  processes  for  both 
high  and  low  temperature  carbonization  of  coal  are 
attributed  to  such  well-known  designers  as  Bubiag- 
Didier,  Koppers,  and  Lurgi.  Although  the  figures 
seem  high,  it  is  said  that  from  12-15  tons  of  tar  are  now 
obtained  from  100  tons  of  coal;  of  special  interest  is 
the  tar  from  the  Lurgi  process  developed  with  the  aid 
of  Krupps.  It  may  be  run  through  a  roller  press  at 
2,500  atmospheres  to  form  briquettes  for  domestic  use 
or  converted  into  synthetic  fuels  by  hydrogenation. 

Expansion  of  coal  carbonization  is  planned  in  Ger- 
many, through  the  erection  of  several  plants  in  the 
Ruhr.  These  are  intended  to  work  in  close  conjunc- 
tion with  the  Bergius-I.  G.  and  Fischer-Tropsch  plants 
producing  synthetic  fuels  in  that  region. 

Hydrogenation  developed  chief  y  by  Imperial  Chemi- 
cal Industries,  Ltd.,  in  England. — British  interest  in 
Bergius'  work  probably  dates  from  the  beginning  of 
the  fuel  research  station's  experiments  in  1923. 
Shortly  after,  the  British  Bergius  Syndicate  was 
formed  to  investigate  the  adaptability  of  the  process  to 
British  coals.  By  1927  Imperial  Chemical  Industries, 
Ltd.,  had  acquired  financial  control  of  the  syndicate 
and  had  commenced  experimental  work  at  Billingham, 
where  a  small  plant  to  treat  10  tons  of  coal  daily  was 
set  up  in  1929.  In  1933  assured  of  a  preference  of  13.7 
cents  per  gallon  over  imported  gasoline.  Imperial 
Chemical  Industries,  Ltd.,  began  construction  of  a 
plant,  completed  in  1935,  to  have  an  annual  output  of 
1,300,000  barrels  of  gasoline  of  which  860,000  barrels 
was  to  be  made  from  coal,  350,000  barrels  from  creo- 
sote oil  and  90,000  barrels  from  coal  tar.  So  far  ac- 
tual production  has  fallen  short  of  that  figure,  being 
593,000  barrels  in  1935,  950,000  barrels  in  1936  and  es- 
timated at  ajiproximately  1,115,000  barrels  for  1937. 

Application  of  the  Bergius-I.  G.  process,  coupled 
with  improvements  claimed  by  Imperial  Chemicals  In- 
dustries, Ltd.,  to  British  coals,  indicates  that  1  to  V/o 
tons  of  coal  as  raw  material  plus  3  to  3^/2  tons  of  coal  as 
fuel  are  required  to  produce  approximately  8I/2  barrels 
of  gasoline.  It  is  said  that  the  yield  of  gasoline  is  in 
excess  of  60  percent  of  the  weight  of  the  coal  used  as  a 
charge  and  that  tars  and  creosote  may  be  converted 
into  80-pO  percent  of  their  weight  in  gasoline.  It  is 
{possible  to  produce  75  octane  gasoline. 

There  has  been  little  effort  as  yet  to  exploit  the 
Fischer-Tropsch  process  in  the  British  Isles.  It  is 
reported,  however,  that  Low  Temperature  Carboniza- 
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tioii,  Ltd.,  has  under  consideration  the  erection  of  a 
plant  using  this  method  to  operate  in  conjunction  with 
one  of  their  "Coalite"  plants  and  that  the  Powell  Duf- 
fi-yn  Associated  Colleries,  Ltd.,  is  investigatiiig  the 
process.  A  process,  similar  but  claimed  to  be  superior, 
to  the  Fischer-Tro^jsch  method  of  liquefying  coal  has 
been  developed  by  Synthetic  Oils,  Ltd.  A  trial  is 
being  accorded  this  process  at  a  200  ton  per  annum 
plant  at  Messrs.  Bairds  Colliery  at  Bedlay  near  Cam- 
bridge. The  Synthetic  Oils,  Ltd.,  method  is  reported 
to  achieve  substantial  economies  in  operation  as  com- 
pared with  the  Fischer-Tropsch  process  and  to  produce 
a  better  gasoline,  an  excellent  Diesel  oil,  and  larger 
yields  of  high  grade  lubricating  oil. 

British  interested  in  low  temperature  carhoniza- 
tion.— Some  200  low  temperature  carbonization  proc- 
esses have  been  proposed  in  Britain,  but  only  a  few 
have  acliieved  conmiercial  exploitation.  These  differ 
in  type,  mainly,  as  the  retort  is  made  of  brick  or  steel, 
whether  it  is  stationary  or  revolving,  if  vertical  or 
horizontal,  how  heated — internally  or  externally,  and 
whether  the  process  is  intermittent  or  continuous. 

Typical  is  the  "Coalite"  process  developed  by  Low 
Temperature  Carbonization,  Ltd.,  reported  to  account 
for  the  bulk  of  coal  currently  carbonized  at  low  tem- 
peratures in  Great  Britain.  Five  plants  are  using  the 
process,  and  some  5,000  distributors  are  said  to  stock 
"Coalite" — low  temperature  coke.  Much  of  the  gaso- 
line initially  recovered  is  sold  to  the  Royal  Air  Force, 
while  the  remainder  is  disposed  of  as  "Carless  Coalene" 
to  motorists.  The  Diesel  oil  distilled  from  tar  is  satis- 
factory if  treated  with  certain  "dopes"  to  improve  its 
cetane  rating.  An  increasing  number  of  industrial 
chemicals — flotation  oils,  tar  acids,  dipping  oils,  sj)rays, 
etc. — are  being  obtained  from  low-temperature  tar. 

Fifteen  low-temperature  carbonization  plants  worked 
on  a  commercial  or  near  commercial  scale  during  1936. 
The  average  yield  of  principal  products  per  long  ton 
of  coal  was  as  follows :  semicoke,  %  ton,  tar,  20.3  gal- 
lons, gas,  31.2  therms,  and  crude  light  fraction  from 
gas,  3.5  gallons.  Total  output  of  these  amounted  to,  re- 
spectively, 287,000  tons  of  semicoke,  181,000  barrels  of 
tar,  2,043,000  M  cubic  feet  of  gas,  and  crude  gasoline 
31,000  barrels. 

Gas  and  coke  plants  in  the  British  Isles  subjected 
some  39,100,000  long  tons  of  coal  to  high  temperature 
carbonization  during  1936.  In  addition  to  gas  and 
coke  and  byproduct  benzol,  approximately  2,286,000 
barrels  of  creosote  wei"e  recovered  from  tar. 

Manufacture  of  synthetic  fuels  not  far  advanced  in 
France. — Coal  liquefaction  appears  not  to  have  prog- 
ressed far  beyond  tlie  experimental  stage  in  France, 
but  measures  taken  by  the  Government  in  recent  years 
such  as  the  1936  law,  levying  a  tax  on  imports  of  crude 
petroleum  and  refined  products  to  promote  production 


of  synthetic  fuels,  are  expected  to  encourage  the  de- 
velopment of  hydrogenation  in  that  country.  For 
some  years  2  small  hydrogenation  plants  have  been  in 
operation;  that  at  Bethune  employing  the  Vallette 
process,  the  other  at  Lievin  using  the  Audibert  process. 
Taken  together,  their  annual  output  of  gasoline  is 
about  85,000  barrels. 

The  Courrieres-Kuhlman  Co.  is  reported  to  be  build- 
ing, or  to  have  in  operation,  a  Fischer-Tropsch  plant 
at  the  mouth  of  the  Rhone  River  with  an  annual  ca- 
pacity of  215,000  barrels  of  gasoline.  Three  other 
hydrogenation  plants,  each  having  an  approximate  an- 
nual output  of  510,000  barrels  of  synthetic  fuels,  are  re- 
ported to  be  planned  for  erection  at  Gardanne,  Decozs- 
ville  and  near  the  lignite  deposits  at  Landes.  Each 
plant  is  to  employ  a  diiferent  process;  one,  the  Vallette, 
another,  the  Audibert  and  last,  the  hydro-patents 
process. 

Synthetic  motor  fuels  only  of  academic  interest  in 
Union  of  Soviet  Socialist  Republics. — The  question  of 
producing  synthetic  fuels  in  the  Union  of  Soviet  Social- 
ist Republics  has  received  but  casual  attention  in  con- 
nection with  the  continuous  round  of  scientific  investi- 
gation of  the  nation's  vast  resources.  "Industrializa- 
tion" reports  that  3i/^  tons  of  peat  have  been  converted 
into  1  ton  of  semicoke  suitable  for  use  in  gas  generators 
driving  trucks,  gas  adaptable  as  fuel  for  buses,  and 
motor  fuel  satisfactory  for  passenger  cars.  "Sapronel" 
coals  may  be  processed  so  as  to  yield  of  their  weight  40 
percent  kei"osene  and  25  percent  of  67  octane  gasoline 
according  to  the  same  journal. 

Italy  encourages  manufaeture  of  liquid  fuels  from 
domestic  materiuls. — Being  largely  dependent  upon  im- 
ports of  coal,  it  has  not  been  feasible  for  Italy  to  de- 
velop a  coal  liquefaction  industry.  Nevertheless,  the 
Government,  by  a  diversity  of  measures,  seeks  to  utilize 
hydrogenation  to  render  Italy  less  dependent  upon  for- 
eign supplies  of  liquid  fuels. 

Bounties  are  paid  on  the  production  of  oils  from 
bituminous  rock,  coal,  lignite,  peat,  and  crude  petro- 
leum of  Italian  origin,  as  well  as  on  oil  from  Italiaii 
concessions  in  Albania.  Manufacturers  of  synthetic 
fuels  from  domestic  materials  are  permitted  to  import 
needed  machinery  and  equipment  duty  free  if  not  pro- 
duced in  Italy.  These  concerns,  if  agi-eeable  to  relin- 
quishing financial  control  to  the  Goverimient,  may 
obtain  financial  assistance  from  the  ^linistries  of 
Finance  and  Corporations. 

Most  notable  of  Italian  hydrogenation  projects  is  the 
400,000,000  lire  company  known  as  Azienda  Nazionale 
Idrogenazione  Combustibile,  set  up  in  1936.  This  con- 
cern, half  of  the  capital  of  which  was  supplied  by  the 
Azienda  Generale  Italiana  Petroli  and  the  Italiana  Pe- 
troli  Albania,  is  obviously  under  Government  control. 
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It  is  said  to  be  processing  Albanian  crude  petroleum  at 
Bari  and  to  have  planned  or  to  have  under  construc- 
tion plants  at  Livorno  and  near  Florence  for  the  hy- 
drogenation  of  crude  petroleum,  bituminous  rock,  lig- 
nite, and  peat.  Several  other  proposals  for  the  em- 
ployment of  hydrogenation  and  low-temperature  car- 
bonization have  been  announced  in  the  Italian  press, 
none  of  which  are  believed  to  be  in  production. 

Japan  reported  speiiding  vast  sums  to  manufacture 
synthetic  fuels. — If  reports  concerning  Japanese  ac- 
tivities in  the  field  of  coal  liquefaction  are  reliable, 
that  country  has  embarked  on  a  program  of  synthetic 
fuel  manufacture  second  only  to  Germany's.  It  is  said 
that  the  (iovernment  program  calls  for  the  attainment 
of  an  annual  production  of  13,650,000  barrels  of  syn- 
thetic fuels  by  1944.  Capital  investment  is  placed  at 
around  730,000,000  yen,  of  which  50,000,000  would  be 
spent  on  exploitation  of  oil  shale  in  Manchuria,  325,- 
000,000  for  coal  hydrogenation,  114.000,000  for  gas  syn- 
thesis, 115,000,000  for  low-temperature  carbonization, 
and  127,000,000  for  development  of  coal  mines. 

Hydrogenation  plants  now  presumably  in  operation 
are  the  Ube  Nitrogen,  K  K  using  tar,  with  potential 
annual  output  of  850,000  barrels  of  gasoline,  and  the 
Mancluirian  Chemical  Company,  having  a  yearly  pro- 
duction of  170,000  barrels  of  gasoline.  A  Fischer- 
Tropsch  plant  belonging  to  the  Mitsui  interests,  with 
an  annual  output  of  190,000  barrels  at  Miike  Kyushu, 
is  scheduled  for  completion  this  year,  as  is  the  South 
Manchurian  Railway  plant  of  125,000  barrels  annual 
capacity,  using  the  so-called  "Navy"  process.  Twelve 
additional  projects  are  planned  for  the  manufacture  of 
synthetic  fuels.  Some  are  to  employ  hydrogenation, 
others  gas  synthesis  and,  still  others,  low  temperature 
carbonization.  Finally,  there  has  been  set  up  the  Im- 
perial Fuel  Co.,  with  capital  reported  at  100,000,000 
yen,  raised  partly  by  public  subscription,  but  under 
joint  Army  and  Navy  administration.  Tliis  organiza- 
tion is  to  produce  synthetic  fuels  for  the  military 
services. 

Cost  of  synthetic  fuels  much  higher  than  petroleum 
fuels. — That  the  production  of  synthetic  petroleum 
products  from  coal  is  becoming  increasingly  im- 
portant in  several  foreign  countries  is  obvious ;  it  is,  or 
will  be,  equally  apparent  that  the  manufacture  of  syn- 
thetic fuels  calls  for  substantial  private  investment,  a 
high  order  of  engineering  ability,  and  the  assumption 
of  a  heavy  State  burden  in  the  form  of  subsidies.  This 
is  the  case  even  in  Germany  where  conditions  have  been 
most  propitious. 

It  is  doubtful  if  any  concern,  whatever  its  capital 
resources  and  research  facilities,  could  successfully  de- 
velop a  completely  new  method  of  liquefying  coal. 
Basic  patents  are  controlled  by  powerful  financial  in- 
terests.    Substantial   licensing   fees  must  be   paid  to 
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Ruhrchemie  A.  G.  for  use  of  the  Fischer-Tropsch  proc- 
ess, and  to  International  Hydrogenation  Patents,  Ltd., 
since  1931,  for  rights  to  hydrogenation  developed  and 
owned  jointly  by  I.  G.  Farbenindustrie,  the  Royal 
Dutcli  Shell  Combine,  the  Standard  Oil  Co.  of  New 
Jei^sey,  and  Imperial  Chemical  Industries,  Ltd. 

It  is  less  expensive  to  produce  synthetic  gasoline 
from  a  combination  of  coal,  tar,  and  creosote  than  from 
coal  because  pai't  of  the  work  of  liquefaction  has  al- 
ready been  accomplished.  In  193G  Imperial  Chemical 
Industries,  Ltd.,  estimated  that  it  would  reciuire  about 
2  years  to  erect  in  England  the  minimum-sized  eco- 
nomic Bergius  I.  G.  unit  having  a  potential  annual 
output  of  1.300,000  barrels  of  gasoline  and  that  its 
over-all  cost  would  range  from  $25,000,000  to  $40,000,000 
depending  on  whether  the  combination  of  coal,  tar,  and 
creosote,  or  only  coal,  was  treated  as  the  raw  material. 
A  Fischer-Tropsch  plant  of  minimum  economic  ca- 
pacity, say  170,000  barrels  of  gasoline  per  year,  could  be 
built  at  a  cost  of  $5,000,000  to  $7,500,000.  More  recent 
information  would  indicate  that  both  Bergius-I.  G. 
and  Fischer-Tropsch  plants  of  the  capacities  noted 
could  now  be  erected  substantially  under  the  original 
estimates. 

The  cost  of  producing  synthetic  gasoline  is  depend- 
ent upon  the  interrelation  of  so  many  factors — cost 
of  lignite,  coal,  coke,  tar,  and  creosote  used  as  raw 
materials,  charges  for  power,  price  of  skilled  labor, 
cost  of  hydrogen  (a  key  consideration),  obsolescence 
allowances  for  plant,  etc. — that  it  is  not  possible  to 
state  the  comparable  cost  of  manufacturing  a  gallon  of 
synthetic  gasoline  from  country  to  country.  Gasoline 
obtained  from  the  liquefaction  of  coal  is  now  produced 
for  17  to  25  cents  per  gallon  f.  o.  b.  plants  in  Europe. 

Oil  From  Shale 

Extensive  deposits  of  shale,  torbanite,  and  several 
types  of  bituminous  rock,  having  a  sufficient  content  of 
organic  matter  to  warrant  their  processing  for  oil,  ex- 
ist in  many  parts  of  the  world.  These  are  mined  much 
the  same  as  coal  is  mined.  Upon  being  brought  to  the 
surface,  the  raw  material  is  crushed  to  a  convenient 
size  and  then  fed  into  a  retort  where  subjected  to 
destructive  distillation,  it  yields  crude  oil,  gas,  ammo- 
nia water,  and  a  residue  of  spent  sliale.  From  the 
crude  oil  is  derived  the  usual  range  of  rK[uid  fuels  ob- 
tained from  the  refining  of  crude  j^etroleum.  Spent 
shale  is  now  used  in  some  countries  for  making  brick. 

Technique  of  oil-shale  exploitation  developed  largely 
in  Scotland. — At  present,  the  largest  shale-oil  industry 
is  that  located  in  Mid  Lothian  County  in  Scotland. 
Here,  since  1850,  have  been  developed  most  of  the 
teclinique  and  equipment  now  utilized  in  producing  oil 
from  shale.  The  Scottish  industry  achieved  its  maxi- 
mum output  in  1913  when  3I/2  million  tons  of  shale 
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were  retorted.  Since  then  the  mining  of  shale  has 
fluctuated,  mostly  downward,  being  around  1,407,000 
tons  in  1936.  In  that  year,  a  ton  of  shale  on  the  aver- 
age yielded  26.4  gallons  of  crude  oil.  From  the  crude 
oil  there  was  refined  approximately  30  percent  gasoline, 
63  percent  gas  and  Diesel  oil,  with  the  remaining  7 
percent  consisting  mostly  of  light  shale  oil  and  fuel 
oil.  Eeserves  of  shale  in  Scotland,  though  less  exten- 
sive than  in  some  other  countries,  are  thought  to  be 
sufficient  for  many  years. 

For  about  10  years  after  the  begiiming  of  the  ex- 
ploitation of  oil  shale  in  Estonia  in  1918,  it  was  utilized 
almost  entirely  in  place  of  coal  as  fuel  for  the  state 
railroads  and  for  industry.  From  1928  through  1937, 
the  mining  of  shale  increased  from  446,000  to  1,124,000 
metric  tons  and  the  recovery  of  crude  oil  from  77,700 
to  784,000  barrels,  and  in  1938  is  expected  to  reach 
1,300,000  barrels.  Production  of  gasoline  in  1937  at 
62,000  barrels  enabled  an  export  of  45,000  barrels,  and, 
in  addition,  there  was  shipped,  mostly  to  nearby  coun- 
tries, 378,000  barrels  of  crude  oil.  Estonian  shale  re- 
serves are  said  to  underlie  about  3,000  square 
kilometers  of  land  and  are  estimated  at  4i/s  to  6  billion 
tons  of  shale. 

Oil  shale,  or  as  it  is  generally  termed,  bituminous 
schists,  has  been  mined  in  France  since  1838  principally 
in  the  region  of  Autun  and  Buxieres.  By  1864  the 
industry  had  attained  a  state  of  considerable  impor- 
tance, but  after  that  time  imports  of  low-priced  kero- 
sene forced  it  to  sharply  curtail  operations.  In  recent 
years,  the  Societe-Lyonnaise  des  Chistes  Bitumineaux 
has  operated  retorts  at  Autun,  obtaining  from  12  to 
24  gallons  of  crude  oil  per  ton  of  shale.  Current  out- 
put of  cracked  gasoline  ranges  from  32,000  to  38,000 
barrels  from  63,000  barrels  of  crude  oil. 

Deposits  of  oil-bearing  earths  are  said  to  be  located 
in  Spain,  Yugoslavia,  Italy,  Bulgaria,  Germany, 
Czechoslovakia,  Switzerland,  the  Union  of  Soviet 
Socialist  Republics,  Sweden,  Finland,  and  Latvia,  but 
only  in  the  two  latter  countries  are  there  recent  sta- 
tistics showing  the  refinery  output  of  gasoline  from  oil 
distilled  from  shale.  Finland  is  recorded  as  having 
produced  23,000  barrels  of  shale  gasoline  in  1937,  while 
Latvia  is  credited  with  about  half  as  much  for  the 
same  year. 

In  Africa,  oil-bearing  shales  have  been  reported 
found  in  Morocco,  Portuguese  West  Africa,  Belgian 
Congo,  Southern  Rhodesia,  and  in  the  Union  of  South 
Africa.  Only  torbanite  in  Natal  and  Transvaal  has 
been  subjected  to  exploitation,  and  thus  far  operations 
could  scarcely  be  considered  successful.  The  South 
African  Torbanite  Mining  &  Refining  Co.,  Ltd.,  has 
found  it  necessary  to  import  considerable  quantities  of 
crude  petroleum  to  be  refined  in  conjunction  with  the 
processing  of  torbanite;  only  in  this  manner  is  the 


company,  at  present,  able  to  produce  gasoline  cheap 
enough  to  permit  its  being  sold  in  competition  with 
imported  motor  fuel. 

Extensive  deposits  of  shale,  rich  in  organic  content, 
are  reported  to  exist  throughout  South  America,  par- 
ticularly in  Argentina,  Brazil,  Chile,  and  Uruguay, 
but  until  shale  oil  can  be  produced  more  economically 
and/or  crude  petroleum  costs  more,  it  is  doubtful  if  the 
exi^loitation  of  these  shales  will  be  attempted  on  any 
considerable  scale. 

Australia  to  retort  Newnes  shales. — It  is  estimated 
that  some  $10,000,000  has  been  lost  during  the  last  30 
years  in  trying  to  extract,  commercially,  oil  from  the 
Newnes  shales.  New  South  Wales,  Australia.  Sizable 
deposits  exist,  and  the  shale  is  rich  in  oil,  yielding  up 
to  120  gallons  per  ton  of  shale.  After  several  investi- 
gations by  experts,  it  was  concluded  in  1937  that  suffi- 
cient progress  had  been  achieved  in  the  technique  of 
processing  oil  shale  to  warrant  further  efforts  to  work 
tlie  deposits  at  Newnes.  Accordingly,  the  Common- 
wealth and  New  South  Wales  Government  announced 
that  they  would  contribute  $2,500,000,  secured  by  41/2 
percent  debentures  to  a  venture  in  which  private  inter- 
ests in  Sidney  would  put  up  $830,000  to  develop  a 
shale-oil  industry.  With  adequate  preferences  it  is 
thought  286,000  barrels  of  gasoline,  about  4  percent 
of  Australia's  total  annual  consumption,  could  be  ob- 
tained from  the  Newnes  project.  Oil-bearing  earths 
have  been  found  in  Tasmania  and  New  Zealand,  but 
there  are  no  recent  reports  indicating  exploitation. 

Shale-oil  production  at  Fushan  important  to 
Japan. — Serious  development  of  the  Manchurian  oil 
shales  did  not  begin  until  about  1929,  when  a  plant 
was  erected  at  Fushan  with  a  reported  annual  through- 
put of  1,400,000  metric  tons  of  shale.  The  building  of 
additional  retorts  and  the  installation  of  a  cracking 
unit  in  recent  years  have  made  possible  the  processing 
of  more  shale  and  the  production  of  higher  octane  gas- 
oline. Output  of  crude  oil  is  reported  to  have  increased 
from  203,000  to  nearly  1,000,000  barrels  between  1930 
and  1937;  and,  in  the  latter  year  the  production  of 
gasoline  and  fuel  oil  was  estimated  at  60,000  and 
490,000  barrels,  respectively.  It  is  said  that  much  of 
the  fuel  oil  produced  at  Fushan  is  reserved  for  the  use 
of  the  Japanese  Navy. 

Occurrences  of  oil  shale  have  been  reported  else 
where  in  Asia,  notably  in  Mongolia,  Arabia,  and  Syria, 
but  knowledge  is  incomplete  regarding  their  exact  lo- 
cation, extent,  and  possibilities  for  the  production  of 
oil. 

Crude  shale  oils,  if  subjected  to  straight  refining,  do 
not  yield  high  octane  motor  fuel,  but  if  suitably 
cracked,  these  oils  can  be  converted  into  the  equivalent 
of  regular  grade  gasoline.  The  exploitation  of  oil 
shale  is  initially  handicapped  by  the  fact  that  Scottish 
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practice  and  equiiiment  is  frequently  not  adaptable  to 
the  oil-beai'ing  earths  and  rocks  of  other  countries, 
necessitating  expensive  pioneering  work.  In  most 
countries  at  this  time,  the  cost  of  producing  shale  gas- 
oline is  too  high  to  permit  economical  operation  of  a 
shale-oil  industry  unless  it  is  protected  against  im- 
ported gasoline.  Current  cost  of  shale  gasoline  is  re- 
ported to  be  from  15  to  17  cents  per  gallon  at  European 
plants. 

Substitute  Motor  Fuels 
Motor  Fuel  Blends 

Occasionally  eth}!  alcohol  is  used  alone  as  motor 
fuel,  but  generally  it,  benzol  and  methanol  (methyl  al- 


AUTHOR's  Note. — Tliere  is  consuler.il)lo  difference  of  opinion  as  to 
whether  equally  good  results  can  be  obtained  if  use  is  made  of  blends 
of  gasoline  with  alcohol,  benzol,  or  methanol  in  place  of  straight 
gasoline.  With  the  technical  merits  of  motor  fuel  blends  this  study 
Is  not  directly  concerned,  although  it  does  attempt  to  summarize  the 
principal  economic  issues  involved.  As  a  means  of  estimating  the 
relative  importance  of  substitute  and  synthetic  liquid  fuels,  there  Is 
shown  In  the  accompanying  table  the  approximate  consumption  of 
intern.ll  combustion  engine  fuels,  excluding  diesel  oil,  for  various 
countries  converted  on  the  basis  of  heat  energy  to  the  equivalent  of 
gasoline. 
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cohol),  are  mixed  with  gasoline.  Ethyl  alcohol  is 
often  referred  to  as  a  motor  fuel  produced  from  "re- 
newable sources."  Although  produced  synthetically,  as 
well  as  from  waste  sulphite  liquor  at  wood-pulp  mills, 
ethyl  alcohol  is  obtained  mostly  from  the  fermenta- 
tion of  vegetable  matter — cane  molasses,  sugar  beets, 
potatoes,  grape  juice,  cereal  grains,  etc.  Its  manufac- 
ture is  possible  almost  anywhere  in  the  world.  To 
blend  satisfactorily  with  gasoline,  alcohol  should  be 
almost  entirely  free  of  water,  hence  the  dilute  solution 
resulting  from  fermentation  is  dehydrated  to  form  an 
alcohol  of  at  least  99.5  percent  purity.  Methanol  is  ob- 
tained from  the  distillation  of  wood,  synthetically  from 
natural  gas,  and  by  processing  gases  resulting  from  the 
liquefaction  of  coal.  Having  less  energy  content  than 
either  benzol  or  eth5'l  alcohol,  it  is  not  extensively  uti- 
lized as  motor  fuel.  Benzol  is  a  product  of  the  high- 
temperature  carbonization  of  coal.  Being  a  byproduct 
of  gas  and  coke  nianiifaclure,  the  quantity  of  it  avail- 
able is  obviously  dependent  upon  the  output  of  gas  and 
coke,  a  fact  tending  to  prevent  any  very  large  increase 
in  the  pi-oduction  of  benzol. 


Table  1. — ATpproximaie  demand  jot  motor  fuels  in  foreign  countries  making  use  of  nonpetroleum  motor  fuels  in  I9S7 

(Based  on  Heat  of  Combustion) 


Countries 


Total  con- 
sumption of 
motor  fuel 
in  terms  of 
gasoline  (in 
1,000  barrels) 


Gasoline 

from 
petroleum 


Gasoline 
from  coal 


Gasoline 
from  shale 


Benzol 


Alcohol 

(95  percent 

or  higher, 

pure) 


Compressed 

petroleum 

gases 


other  gases 
(estimated) 


United  Kingdom. 

France 

Germany 

Japan 

Sweden 

Italy 

Netherlands 

Belgium 

Brazil 

Czechoslovakia... 

Cuba 

Philippine  Islands 

Poland 

Hungary 

Estonia 


41,853 

23,909 

22,600 

'  8,  160 

4,366 

4,338 

3,962 

3,646 

2,959 

2,013 

1,261 

1,129 

85S 

368 

138 


PerceTit 
93.1 
93.4 
52.2 

•99.3 
98.3 
93.6 

•95.9 

•93.4 
93.2 

•84.0 
97.6 
93.3 
88.0 
88.9 
43.5 


Percent 
2.7 

0.5 
30.0 
(') 
(0 
(') 
(') 
(■) 
(■) 
(') 
(') 
(') 
(') 
(•) 
(■) 


Percent 

0.5 


(') 
(0 

(') 
(') 
(0 

(') 
(') 
(') 
(') 
(') 
(') 
(') 


>.  7 


Percent 

3.5 

2.0 

12.2 

".6 


(') 
(') 


4.1 
6.6 


{') 

(') 
(I) 

(0 
(') 


4.1 


7.6 


Percent 

(.') 

3.2 
3.6 

0) 

1.7 
4.2 

(>) 

(I) 

6.8 
11.9 
2.3 


Percent 
(') 
(') 


3.0 


4.6 
11.1 


(0 


W 
(') 

(') 
(') 
(') 
(') 
0) 
(') 
(') 
(0 

(') 


Percent 
(') 

(') 
(0 

(') 

(') 
(') 
0) 

w 
(') 
(') 
(') 
(') 
(') 


0.8 


1.0 


I  Under  K  of  1  percent. 
•  Estimated. 
'  Figures  for  1936. 

'  Percentage  based  on  figure  obtained  by  dividing  by  2  the  quantity  In  "proof" 
gallons. 

Based  on  U.  S.  data,  probably  high  for  some  foreign  countries,  synthetic  and 
substitute  motor  luels  converted  to  equivalent  of  gasoline  as  follows: 

Calories 
Motor  fuel:  pergram 

Gasoline-  11,250 

Benzol 10,100 

Alcohol 7,200 

Methanol 5,300 

Butane— propane 11,900 

Methane 13,300 

Producer  gas 5.000 
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Benzol  and  alcohol  accoMnt  for  approximately  one- 
seventh  of  Germany''s  consumption  of  motor  fuels. — 
Not  only  is  Germany  first  in  the  production  and  use 
of  synthetic  gasoline  obtained  from  the  liquefaction 
of  coal;  that  country  is  also  the  heaviest  consumer  of 
substitute  motor  fuels.  In  1937,  of  the  total  German 
demand  for  internal-combustion  engine  fuel,  approxi- 
mately 12.2  percent  was  met  by  benzol  and  3.5  percent 
by  alcohol.  Govermnent  spokesmen  say,  hovrever,  that 
with  the  expansion  of  the  manufacture  of  synthetic 
fuels,  less  ethyl  and  methyl  alcohol  will  be  utilized  as 
motor  fuel  and  that  eventually  their  use  for  that  pur- 
pose will  be  discontinued  altogether  in  Germany. 

Finding  the  Reich  Alcohol  INIonopoly  possessed  of 
excessive  stocks  in  1930,  the  German  Government  en- 
acted, a  law  requiring  light  fuel  importers  and  pro- 
ducers to  purchase  from  the  Monopoly,  ethjl  alcohol 
equal  to  2i/4  percent  of  the  gasoline,  kerosene,  and  ben- 
zol handled  by  them.  Within  less  than  2  years,  the 
proj^ortion  of  alcohol  to  be  purchased  was  raised  to 
31/^,  6,  and  then  10  percent.  From  1932  when  the 
10  percent  admixture  of  ethyl  alcohol  with  gasoline 
became  compulsory  (during  the  2  preceding  years 
distributors  of  gasoline  were  obligated  to  buy  a  speci- 
fied quantity  of  alcohol,  but  were  not  compelled  to 
blend  any  arbitrarj'  percentage  of  it  with  gasoline) 
through  1935,  the  annual  consumption  of  motor  alco- 
hol in  Germany  increased  from  278,000  to  1,423,000 
barrels. 

Smaller  crops,  coupled  with  an  increasing  demand 
for  food  and  feed  supplies,  acted  to  curtail  consider- 
ably the  output  of  ethyl  alcohol  in  1936  and  1937. 
At  the  same  time,  the  mounting  production  of  meth- 
anol was  seeking  new  outlets.  Accordingly,  early  in 
1936  a  regulation  became  effective  which  retained  the 
10  percent  blend  of  alcohol  with  gasoline  but  provided 
that  the  composition  of  admixture  should  be  9  parts 
of  ethyl  alcohol  to  1  part  of  methanol.  Shortly  after, 
the  ratio  became  4  to  1,  and  at  present  it  stands  at  2 
parts  of  ethyl  alcohol  to  1  part  of  methanol.  Durmg 
the  intervening  period  to  date,  the  percentage  of  ethyl- 
alcohol  to  methanol  in  the  admixture,  "Krafspirit"  re- 
quired to  be  blended  with  gasoline  has  remained  2 
parts  to  1,  but  the  quantity  of  '"Krafspirit"  mixed  with 
gasoline  increased  from  10  to  13  percent  October  1, 
1937;  declined  to  10  percent  April  1,  1938;  and  as  of 
September  1938  reverted  to  13  percent.  Tlie  net  effect 
of  the  measures  taken  during  1936  and  1937  was  to 
reduce  the  amount  of  ethyl  alcohol  used  as  motor 
fuel  from  1,270,000  to  1,115,000  barrels  and,  during 
the  same  period,  to  increase  the  use  of  methanol  from 
244,000  to  555,000  barrels.  Larger  production  of  ethyl 
alcohol  in  1938  will  enable  more  ''Krafspirit"  to  be 
used  in  motor  fuel. 


Benzol  is  now  mixed  with  approximately  40  percent 
of  Germany's  motor  fuels.  Current  production  ranges 
from  3,000,000  to  4,000,000  barrels  annually  and  sliould 
climb  higher  as  output  of  coke  is  expanded  and  more 
efficient  recovery  equipment  is  installed  at  both  gas  and 
coke  plants.  Consumption  of  benzol  as  motor  fuel  in 
Germany  was  reported  at  3,100,000  barrels  in  1937,  just 
over  twice  the  figure  for  ethyl  alcohol  and  methanol. 

By  a  law  enacted  in  1931,  the  Finance  Minister  of 
Austria  was  authorized  to  compel  the  admixture  of  25 
percent  of  alcohol  with  gasoUne  as  long  as  the  price  of 
alcohol  did  not  exceed  the  wholesale  price  of  gasoline. 
The  small  quantity  of  alcohol  offered  for  sale  resulted 
in  the  decree  becoming  inoperative  and,  on  July  7, 
1934,  a  law  was  passed  requiring  importers  of  gasoline 
to  purchase  an  amount  of  alcohol  equal  to  2  percent  by 
weight  of  their  motor  fuel  sales ;  domestic  producers  of 
gasoline  were  obligated  to  take  up  alcohol  equal  to  3.75 
percent  of  their  sales.  Although  required  to  purchase 
specified  quantities  of  motor  alcohol,  the  distributors 
may  not  blend  less  than  20  nor  more  than  40  percent 
alcohol  of  99.5  percent  purity  with  gasoline.  From 
which  fact  it  would  seem  that  the  35,000  barrels  of 
motor  alcohol  utilized  in  Austria  in  1936  was  mixed 
with  only  a  small  proportion  of  the  total  gasoline  con- 
sumed. Since  its  incorporation  with  the  German 
Reich,  Austria's  laws  pertaining  to  motor  fuels  have 
probably  been  made  to  conform  with  those  of  the  lat- 
ter country. 

Small  quantities  of  gasoline  handled  by  independent 
distributors  in  Belgium  contain  alcohol,  but  the  amount 
so  utilized  is  unimportant.  Regular  grade  gasoline  is 
blended  with  3  to  8  percent  benzol,  and  premium  grades 
may  contain  as  much  as  30  percent.  Consvnnption  of 
motor  benzol  amounted  to  271,000  barrels  in  1937, 
nearly  6.6  percent  of  the  total  demand  for  motor  fuel 
in  Belgium. 

Benzol  to  the  extent  of  182,000  barrels,  obtained  from 
the  State  Mines  at  Limburg,  coke  plants  and  municipal 
gas  works,  was  utilized  as  motor  fuel  during  1936  in 
the  Netherlands.  Motor  fuel,  on  the  average,  contains 
5  percent  benzol.  Commissions  set  up  to  inquire  into 
the  use  of  alcohol  as  motor  fuel  in  the  Netherlands  thus 
far  have  either  advised  against  it  or  failed  to  make 
public  their  recommendations. 

Use  of  alcohol  as  motor  fitsl  declining  in  France. — 
After  the  World  War,  the  French  Government  set  up 
a  bureau  to  encourage  agricultural  reconstruction  and 
included  among  its  functions  tliat  of  coordinating  the 
production  and  sale  of  alcohol.  By  1923  the  output  of 
alcohol  had  grown  to  exceed  ordinary  requirements  so 
a  law  was  passed  requiring  importers  of  gasoline  to 
purchase  25  to  35  liters  of  alcohol  for  each  100  liters 
of  gasoline  sold.     Abandoning  as  unsatisfactory  the 
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obligatory  purchase  of  alcoliol  without  requiriug  a 
specified  porcentajrc  of  admixture  witli  gasoline,  in 
1928  France  enacted  a  law  calling  for  the  compulsory 
blending  of  25-35  percent  of  alcohol  with  second-grade 
gasoline,  "Carburant  Poids  Lourds." 

Five  years  later  it  was  found  that  output  of  alcohol 
was  considerably  in  excess  of  what  was  needed  for 
non-motor-fuel  uses  and  for  blending  with  "Carbui'ant 
Poids  Lourds";  in  consequence,  the  French  Govern- 
ment authorized  the  admixture  of  10  to  IG  percent  of 
alcohol  with  "Tourisme"  or  regular  gi-ade  gasoline. 
Consumption  of  motor  alcohol  increased  from  549,000 
to  1,430,000  barrels  between  1933  and  1934;  reached  a 
peak  of  2,555,000  barrels  in  1935  and  by  1937  had  de- 
clined to  1,220,000  barrels.  In  the  latter  year,  alcohol 
accounted  for  around  3.2  percent  of  the  total  French 
motor  fuel  demand.  Poor  crops  and  diversion  to  non- 
motor  fuel  uses  greatly  curtailed  the  availability  of 
motor  alcohol  after  1935.  In  line  with  reduced  output, 
"Tourisme"  gasoline  since  May  1, 1937  has  been  exempt 
from  admixture  with  alcohol,  although  "Carburant 
Poids  Lourds"  is  still  required  to  contain  25  parts  by 
volume  of  alcohol. 

About  80  percent  of  the  total  French  consumption  of 
benzol  is  utilized  as  motor  fuel.  Use  of  it  for  all  ptir- 
jwses  increased  from  around  030,000  to  761,000  barrels 
between  1932  and  1934.  Curtailed  imports  and  lower 
recovery  at  gas  plants  reduced  consumjition  to  ap- 
proximately 715,000  barrels  in  1935,  but  in  193G  it  had 
recovered  to  about  752,000  barrels.  Just  under  2  per- 
cent of  France's  total  motor  fuel  consumption  is  sup- 
plied by  benzol. 

"Dynalkol,"  a  mixture  of  varying  proportions  of 
gasoline,  alcohol,  and  benzol,  has  been  used  as  motor 
fuel  bj'  several  Czechoslovak  Government  agencies 
since  1923.  Its  exact  formula  is  supposed  to  be  kept 
secret,  but  according  to  reliable  reports,  throughout  the 
alcohol  production  jear  of  193G~37,  it  consisted  of  70 
percent  gasoline,  26  percent  ethyl  alcohol,  and  4  percent 
benzol.  Backed  by  9  years  of  experience  with  "Dynal- 
kol"  which,  incidentally,  is  not  sold  to  private  con- 
sumere,  the  Government  decreed  compulsory  admix- 
ture of  alcohol  with  gasoline  in  1932. 

Czechoslovakia  requires  12  percent  alcohol  with  gas- 
oline.— On  September  1  of  that  year  a  law  was  passed 
requiring  that  gasoline  not  exceeding  0.79  specific  gi"av- 
ity  be  blended  with  alcohol,  and  subsequently  in  1935, 
gasoline  up  to  0.81  specific  gravity.  "Motor  alcohol," 
supplied  at  licensed  mixing  stations  by  the  alcohol 
cartel,  is  now  composed  of  94.5  parts  of  ethyl  alcohol, 
2.5  parts  of  methanol,  and  3  parts  of  gasoline  of  0.73 
to  0.74  specific  gravity.  Present  mixing  rcgidations 
require  that  20  percent  of  "motor  alcohol"  be  blended 
Avith  80  percent  of  gasoline.     Other  special  mixtures, 


mostly  '"motor  alcohol'"  blended  with  20  to  25  parts  of 
lienzol,  are  likewise  marketed  in  Czechoslovakia.  Tho 
latio  of  motor  alcohol  used  to  total  motor  fuel  demand 
in  Czechoslovakia  is  just  under  12  percent,  while  tho 
comparable  ratio  for  benzol  is  about  4  percent.  Con- 
sinnption  of  motor  fuel,  including  some  420,000  barrels 
of  alcohol  and  93,000  barrels  of  benzol,  amounted  to 
1,980,000  barrels  in  1936. 

Italy  issued  a  decree  in  1926  obligating  importers 
of  gasoline  to  purchase  alcohol.  Four  years  later,  ad- 
mixture of  alcohol  with  gasoline  became  compulsory 
and  25  percent  of  the  domestic  output  was  to  be  set 
aside  for  use  as  motor  fuel.  Little  effort  was  made  to 
enforce  the  law,  however,  and  annual  consumption 
scarcely  exceeded  43,000  to  60,000  barrels  until  the 
rationing  of  fuel  was  resorted  to  during  the  Etliiopiaii 
crisis.  Various  motor  fuel  blends  have  been  o tiered 
for  sale  in  Italy;  during  the  difliculties  with  Ethiopia 
the  A.  G.  I.  P.  placed  "Robur,"  a  mixture  of  40  percent 
gasoline,  30  percent  ethyl  alcohol,  and  22  percent 
methanol  on  the  market,  and  more  recently,  a  blend  of 
70  percent  gasoline,  20  percent  alcohol,  and  10  percent 
benzol  was  made  available  to  motorists. 

Insufficient  alcohol  to  hleiul  with  gasoline  in  Italy. — 
The  Government  has  tried  tlirough  several  measures  to 
increase  the  output  of  alcohol,  and  since  1936  the  law 
has  called  for  the  blending  of  20  percent  alcohol  with 
gasoline.  The  insufliciency  of  production,  however,  did 
not  permit  more  than  an  average  of  4  percent  admix- 
ture dui'ing  1937  and,  effective  January  1,  1938,  the  law- 
became  inoperative  if  an  amount  of  money  is  paid 
o(iuivalent  to  the  sales  tax  on  the  alcohol  formerly  re- 
quired to  be  blended  with  gasoline.  Italian  production 
of  benzol  and  methanol  is  small,  and  neither  may  bo 
utilized  as  motor  fuel  without  permission  of  the  Gov- 
ernment. 

The  Yugoslav  Government  decree  of  1933  requiring 
the  admixture  of  20  parts  of  alcoliol  witli  SO  parts  of 
gasoline  was  rescinded  in  November  1934.  Since  that 
time  there  has  been  some  optional  buying  of  blended 
motor  fuel  due  to  its  price  being  lower  than  that  of 
imported  gasoline,  on  which  there  is  imposed  a  high 
rate  of  duty.  Some  18,000  barrels  of  alcohol  were  re- 
ported to  have  been  mixed  with  gasoline  sold  in  Yugo- 
slavia in  1936. 

Compulsory  blending  of  alcohol  with  gasoline  ex- 
ceeding 0.735  specific  gravity  has  been  effective  in 
Hungary  since  1929.  Straight  gasoline  under  0.735 
specific  gravity  is  subject  to  very  high  sales  taxes  unless 
purchased  for  agricultural  use.  Approximately  74,000 
barrels  ,of  alcohol  were  mixed  with  gasoline  to  form 
"Motalko,"  a  blend  of  80  percent  gasoline  with  20  per- 
cent ethyl  alcohol  in  1936;  in  terms  of  total  annual 
consumption  motor-fuel  alcohol  accounted  for  over  11 
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percent,  the  second  highest  of  any  country  covered  in 
this  survey. 

Nearly  one-eighth  of  Polarui's  motor-fuel  consimip- 
tion  consists  of  hemol  and  alcohol. — Poland  decreed 
compulsory  admixture  of  alcohol  with  gasoline  in  1932 
and  early  in  1933  the  petroleum  producers  agreed  to 
purchase  from  the  alcohol  monopoly  a  quantity  of 
alcohol  equivalent  to  9  percent  of  the  consumption  of 
motor  fuel  during  the  preceding  year.  It  was  further 
agreed  that  for  each  10  percent  increase  in  motor- 
fuel  sales  during  subsequent  years,  the  petroleum  pro- 
ducers would  purchase  an  additional  2  percent  of 
alcohol,  but  that  the  maximum  percentage  of  alcohol 
taken  by  them  should  never  exceed  30  percent  of  the 
preceding  year's  consumption  of  motor  fuel.  This 
alcohol,  forming  blends  of  22-25  percent  alcohol,  5-10 
percent  benzol,  and  65-73  percent  gasoline,  is  contained 
in  about  50  percent  of  the  motor  fuel  marketed  in 
Poland.  In  1937  benzol  and  alcohol  accounted  for, 
respectively,  7.5  and  4.6  percent  of  the  total  Polish 
consumption  of  motor  fuel. 

After  Germany,  Great  Britain  is  the  largest  con- 
sumer of  motor  benzol  in  Europe.  Production,  divided 
between  coke  ovens,  tar  distilling  works  and  gas  plants, 
in  the  proportion  respectively  of  58,  23,  and  19  percent, 
amounted  to  1,463,000  barrels  in  1936.  This  figure  is 
equivalent  to  3.5  percent  of  the  total  British  consump- 
tion of  motor  fuel  in  that  year.  Output  has  increased 
steadily  since  1932  and  is  expected  to  grow  larger  with 
the  expansion  of  coke-producing  facilities  and  the  in- 
stallation of  improved  recovery  apparatus.  Typical  of 
the  benzol-gasoline  blends  is  the  mixture  of  30  percent 
benzol  and  70  percent  gasoline  marketed  by  the  Na- 
tional Benzol  Association. 

As  around  90  percent  of  the  ethyl  alcohol  produced 
in  Great  Britain  is  obtained  from  imported  molasses, 
and  current  opinion  in  that  country  does  not  favor  the 
building  up  of  any  considerable  degree  of  reliance  on 
home-produced  substitute  motor  fuels,  there  has  been 
no  governmental  effort  to  sponsor  the  use  of  alcohol 
as  internal-combustion  engine  fuel.  Nevertheless,  vari- 
ous acts  of  Parliament  have  tended  to  encourage  the 
use  of  ethyl  alcohol  as  motor  fuel. 

Some  demand  for  alcohol  ilends  in  '^England  but 
sales  likely  to  decline  on  rem,oval  of  alcohol  prefer- 
ence. — The  finance  act  of  1921  retained  the  principle 
of  earlier  laws  in  favoring  domestically  manufactured 
ethyl  alcohol  used  for  power  over  that  intended  for 
human  consumption,  setting  the  preference  at  15.3 
cents  per  gallon.  Under  a  law  passed  in  1930,  imported 
alcohol,  if  mixed  with  a  minimum  of  25  percent  benzol 
or  gasoline,  is  free  of  duty.  These  exemptions  have 
enabled  distributors  to  place  on  the  British  market  in 
recent  years  motor-fuel  blends  composed  of  gasoline. 


ethyl  alcohol,  and  benzol  having  a  higher-tlian-average 
octane  rating  at  prices  equal  to,  or  only  slightly  higher 
than,  regular-grade  gasoline.  In  consequence,  con- 
sumption of  motor  alcohol  increased  from  500  barrels 
in  1931  to  128,000  barrels  in  1937.  Since  May  2,  1938, 
alcohol  intended  for  blending  with  motor  gasoline  has 
been  subject  to  the  same  import  duty  and  excise  tax 
as  gasoline,  a  factor  likely  to  reduce  the  use  of  alcohol 
as  a  constituent  of  motor  fuel. 

Compulsory  admixture  of  25  percent  alcohol  with 
75  percent  gasoline  has  been  effective  in  Lithuania 
since  April  1,  1936.  For  the  whole  of  that  year 
approximately  10,000  barrels  of  potato  alcohol  were 
mixed  with  gasoline  to  form  a  blend  marketed  as 
"Motorin."  As  imports  of  gasoline  declined  from 
42,000  to  37,000  barrels  between  1936  and  1937,  some 
replacement  of  gasoline  by  alcohol  appears  in  prospect 
for  Lithuania. 

Latvia  provided  for  compulsory  admixture  of  alco- 
hol with  gasoline  in  1931,  setting  the  proportion  at  1 
part  of  alcohol  to  3  parts  of  gasoline.  Subsequent 
action  changed  the  ratio  to  1  to  1,  then  1  to  2,  and 
finally  in  1936,  gasoline  was  no  longer  required  to  be 
blended  with  alcohol.  Production  of  alcohol  by 
Latvia's  50-odd  distilleries  amounted  to  62,000,  85,000, 
and  55,000  barrels,  resjjectively,  in  1934, 1935,  and  1936. 

Of  the  Scandinavian  countries,  only  Sweden  uses 
any  considerable  amount  of  alcohol  in  motor  fuel. 
For  several  years,  mixtures  such  as  "Lattbentyl,"  com- 
posed of  approximately  75  percent  gasoline  and  25  per- 
cent ethyl  alcohol,  were  sold  freely  in  competition 
with  straight  gasoline.  Later,  the  cost  of  alcohol, 
obtained  from  the  wood  pulp  mills,  was  increased  and 
the  sale  of  "Lattbentyl"  and  similar  blends  declined. 
As  a  result,  in  1934  there  was  enacted  a  law  requiring 
importers  and  producers  of  motor  fuel  to  purchase  a 
prescribed  amount  of  alcohol  to  be  fixed  quarterly  by 
the  Government.  The  quantity  set  has  been  dependent 
upon  the  extent  of  the  surplus  of  alcohol;  for  July- 
September  1938,  distributors  were  obligated  to  take 
alcohol  equivalent  in  volume  to  2.5  percent  of  the  total 
Swedish  demand  for  motor  fuel  during  that  quarter. 
Eequired  purchases  of  alcohol  amounted  to  121,000 
barrels  in  1937,  an  increase  of  nearly  20,000  barrels  over 
the  preceding  year. 

"New  Union  Motor  Spirit,"  a  mixture  of  40  percent 
alcohol  with  60  percent  gasoline,  is  offered  for  sale  in 
the  Union  of  South  Africa.  Its  distribution  is  lim- 
ited principally  to  Natal  Province  and  the  city  of 
Durban,  location  of  the  largest  alcohol  producer,  the 
Natal  Cane  By-Products  Co.  Recent  alcohol  output 
figures  are  not  available;  4  or  5  years  ago  they  ap- 
proximated 21,000  barrels  annually.  Admixture  of 
alcohol  with  gasoline  is  not  compulsory. 
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Brazil  and  Chile  only  countries  in  South  America 
requimng  the  admixture  of  alcohol  with  gasoline. — The 
piiicliase  of  alcoliol-gasoline  blends  is  optional  in  Cuba 
and  Panama,  and  in  Argentina,  Colombia,  and  Peru; 
bills  introduced  to  effect  compulsory  blending  have 
failed  of  enactment.  No  action  is  known  to  have  been 
taken  with  regard  to  a  decree  to  set  up  a  Government- 
sponsored  alcohol  distillery  in  Guatemala. 

The  Instituto  do  Assucar  e  do  Alcool  was  established 
in  Brazil  in  1933  to  promote  the  production  of  anhy- 
drous alcohol.  It  extends  technical  and  financial  aid 
to  sugar  mills  desiring  to  install  alcohol  distilleries 
and  has  authority  to  fix  the  proportion  of  alcohol  to  be 
blended  with  gasoline.  Through  1936  it  appears  that 
the  domestic  output  of  ethyl  alcohol  was  insullicient  to 
permit  full  enforcement  of  the  regulation  obligating 
importers  of  gasoline  to  purchase  alcohol  equal  to  5 
percent  of  the  volume  of  gasoline  brought  into  Brazil. 
In  1937,  however,  approximately  324,000  barrels  of 
alcohol  were  used  in  blends  containing  85  to  90  per- 
cent gasoline,  indicating  that  current  consumption  of 
motor  alcohol  is  close  to  7  percent  of  the  total  con- 
sumption of  motor  fuel.  Until  September  23,  of  this 
year,  only  importers  of  gasoline  were  required  to  pur- 
chase motor  alcohol ;  on  that  date  a  decree  became  effec- 
tive requiring  refiners  of  crude  petroleum  in  Brazil  to 
add  alcohol  to  gasoline  in  proportion  fixed  by  the 
National  Petroleum  Council  and  the  Instituto  do  Assu- 
car e  do  Alcool. 

When  blending  of  alcohol  with  gasoline  was  first 
considered  in  Chile  an  admixture  of  25  percent  by 
volume  was  proposed.  As  passed,  the  law  specified 
9  percent,  but  when  it  became  effective  6  percent  was 
the  proportion  required.  The  ratio  of  alcohol  mixed 
with  gasoline  in  Chile  has  varied  from  year  to  year; 
effective  June  10,  1938,  it  became  compulsory  to  blend 
3  percent  alcohol  with  the  3  lowest  grades  of  gasoline 
sold  only  in  the  Central  Provinces  of  Santiago,  Acon- 
cagua, and  Valparaiso.  Domestic  consumption  of 
motor  alcohol  manufactured  mostly  from  molasses  im- 
ported from  Peru  amounted  to  approximately  11,000 
barrels  in  1937. 

Small  demand  for  alcohol- gasoline  in  Panama. — The 
Government  of  Panama  in  1934  issued  a  decree  dealing 
broadly  with  the  importation,  storage,  distribution, 
and  marketing  of  motor  fuel  in  that  country.  One 
provision  sought  to  encourage  the  use  of  locally  pro- 
duced ethyl  alcohol  as  motor  fuel  by  exempting  from 
payment  of  duty  gasoline  imported  for  use  in  blended 
motor  fuels.  One  of  these,  "Alcoholina,"  experienced  a 
considerable  volume  of  sales  as  long  as  it  undersold 
gasoline  by  5  cents  per  gallon.  Since  its  price  has  been 
equalized  with  straight  gasoline,  "Alcoholina"  has  de- 
clined in  popularity. 


A  blend  of  80  percent  gasoline  and  20  percent  ethyl 
alcohol,  known  as  "Espiritu,"  was  offered  for  sale  in 
Cuba  soon  after  the  World  War.  It  experienced  few 
sales.  Several  bills  to  provide  for  the  compulsory  use 
of  alcohol  in  motor  fuel  have  been  presented  to  the 
legislature,  but  all  failed  of  enactment.  However, 
blended  motor  fuels  have  been  sold  in  Cuba  since  1931. 
Nofuco,  the  most  popular,  is  composed  of  04  percent 
ethyl  alcohol,  22  percent  gasoline,  8  percent  "tractor- 
ine,"  3  percent  gas  oil,  and  3  percent  benzol.  Around 
76,000  barrels  or  2  percent  of  Cuba's  total  consumption 
of  motor  fuel  contained  alcohol  in  1937. 

Alcohol  u.9ed  alone  o-v  motor  fuel  in  Philippines. — 
Being  a  large  producer  of  cane  sugar,  the  Philippine 
Islands  have  a  surplus  of  ethyl  alcohol  which  is  uti- 
lized as  motor  fuel.  In  thousands  of  proof  gallons 
output  amounted  to  18,213  in  1936,  22,869  in  1937,  and 
is  estimated  at  around  20,077  for  1938.  Of  the  1937 
production,  in  thousands  of  proof  gallons,  21,744  were 
denatured ;  of  this  latter  amount  20,492  were  used  for 
motive  power.  In  the  Philippines,  alcohol  is  utilized 
both  in  blends  and  by  itself  as  motor  fuel.  It  is  thought 
to  be  one  of  the  very  few  countries  in  which  any  con- 
siderable quantity  of  straight  ethyl  alcohol  is  used 
alone  as  fuel  for  internal-combustion  engines. 

"Gasanol,"  a  mixture  of  75  percent  alcohol,  20  percent 
gasoline,  and  5  percent  kerosene,  is  said  to  have  a  fair 
sale  among  operators  of  trucks,  buses,  and  taxis  and  to 
be  available  to  the  general  public  at  service  stations. 
It  under-sells  regular  grade  gasoline.  According  to 
reports,  the  Batangas  Transportation  Co.  in  Manila 
is  now  operating  all  of  its  158  buses  and  trucks  on 
straight  alcohol,  and  in  addition,  2  large  bus  companies 
and  a  mining  concern  on  Luzon  Island  and  the  trans- 
portation agencies  on  Negros  and  Panay  use  the  same 
fuel.  Taking  into  consideration  the  cost  of  converting 
an  engine  from  gasoline  to  alcohol,  the  necessity  of 
more  mechanical  service  and  less  mileage,  alcohol,  to  be 
utilized  by  itself  as  motor  fuel,  should  sell  for  approxi- 
mately 30  percent  under  imported  gasoline  in  the  Phil- 
ippines. Several  bills  have  been  presented  to  the  legis- 
lature to  effect  compulsory  blending  of  alcohol  up  to 
25  percent  with  gasoline,  but  the  sugar  interests  have 
felt  reasonably  well  satisfied  with  existing  outlets  for 
the  disposition  of  alcohol,  and  the  Government  has 
seemed  unwilling  to  forego  the  revenue  resulting  from 
duties  imposed  on  imports  of  gasoline. 

Plan  increase  of  fuel  blend  consumption  in  Austra- 
lia.— Use  of  alcohol  in  motor  fuel  in  Australia  is  con- 
fined to  Queensland ;  in  that  State  distributors  of  gaso- 
line are  required  to  purchase  from  the  Australian  Na- 
tional Power  Alcohol  Distillers  dehydrated  alcohol 
equal  to  li^  percent  of  the  volume  of  gasoline  handled 
by  them.     Production  of  ethyl  aTcohol,  now  averaging 
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21,000  barrels  a  year,  is  expected  to  double  if  the  new 
distillery  of  the  Colonial  Sugar  Eefining  Co.  at  Ply- 
mouth is  operated  at  full  capacity.  Considerably  more 
benzol  than  alcohol  is  utilized  as  motor  fuel  in  Aus- 
tralia, and  it  is  expected  that  benzol  will  be  relied  upon 
as  a  national  motor  fuel  to  an  increasing  extent  in  com- 
ing years.  Annual  production  for  all  purposes  is  cur- 
renth^  around  71,000  barrels,  mostly  from  the  coke  ovens 
belonging  to  By-Products  Ltd.  at  Newcastle.  It  is 
claimed  that  this  output  could  be  doubled  and  that,  in 
addition,  100,000  barrels  of  benzol  could  be  obtained 
from  the  coke  ovens  at  Kimbla.  Potential  recovery 
would  be  even  larger  if  the  various  State  governments 
could  be  persuaded  to  authorize  a  lowering  of  the  heat 
content  of  gas  intended  for  domestic  consumption. 

Although  India  is  a  large  producer  of  sugar  cane, 
the  Central  Government  does  not  favor  the  use  of  alco-; 
hoi  as  motor  fuel.  Provincial  authorities  are  divided : 
a  United  Provinces  committee  recently  reported  that, 
in  its  opinion  a  cheap  and  regular  supply  of  molasses, 
adequate  labor,  and  a  large  market  would  assure  suc- 
cess if  the  residue  could  be  disposed  of  as  cattle  feed, 
for  fertilizer  and  soil  reclamation ;  a  Bombay  committee 
about  the  same  time  advised  against  that  Provincial 
government  sponsoring  the  manufacture  of  motor  alco- 
hol from  cane  molasses  and  mohara  flowers.  How- 
ever, in  Mysore,  one  of  the  most  progressive  of  Indian 
native  states,  molasses  from  the  State  sugar  factory  is 
converted  into  dehydrated  alcohol  by  the  Melle  proc- 
ess, and  is  said  to  be  utilized  satisfactorily  without 
blending  with  gasoline  in  vehicles  operated  by  the  State 
of  Mysore. 

Japan  decrees  compulsory  admixture  of  alcohol  with 
gasoline. — Determined  not  to  overlook  any  means  of 
becoming  less  dependent  upon  imports  of  liquid  fuels, 
Japan  enacted  a  law  requiring  the  blending  of  alcohol 
with  gasoline,  March  31,  1937,  and  the  next  day  backed 
it  ujD  with  the  alcohol-monopoly  law  which  authorizes 
the  Government  to  control  output  of  alcohol,  reserve 
to  itself  imports  and  exports,  fix  prices,  and  monopo- 
lize distribution.  The  compulsory  admixture  law,  au- 
thorizing the  blending  of  alcohol  up  to  20  percent,  was 
scheduled  to  becjsme  effective  October  1,  1937,  but  did 
not  become  operative  until  July  1,  1938.  The  propor- 
tion was  first  set  at  21/2  percent  alcohol  to  97i/^  percent 
gasoline,  but  shortly  was  raised  to  5  and  95  percent. 

Required  use  of  alcohol  in  motor  fuel  has  not  been 
effective  in  Japan  long  enough  to  ascertain  its  degree 
of  success.  It  would  seem  that  if  any  considerable 
quantities  of  alcohol  are  to  be  used  in  motor  fuel,  pro- 
duction at  the  1936  level  of  44,000  barrels  of  ethyl  alco- 
hol and  30,000  barrels  of  methanol  would  have  to  be 
substantially  increased.  To  meet  the  expected  expan- 
sion in  demand,  the  Government  of  Japan  proper,  as 


well  as  those  of  Taiwan,  Chosen,  and  Manchuria,  and 
the  associated  regime  of  North  China  have  announced 
numerous  ambitious  projects. 

In  a  majority  of  the  countries  not  included  in  the 
discussion  of  motor-fuel  blends,  there  has  been  consid- 
erable investigation  of  the  use  of  alcohol  as  motor  fuel. 
Benzol  is  universally  esteemed  for  blending  with  gaso- 
line to  improve  anti-knock  quality,  and  it  is  not  gen- 
erally thought  of  as  a  competitor  of  gasoline.  Costs 
of  production  of  ethyl  alcohol,  methanol,  and  benzol 
vary  too  widely  to  permit  a  generalized  statement  of 
their  costs  in  comparison  with  gasoline. 

Substitute  Fuels 

Gases,  Vegetable  Oils,  Coal  Dust,  Etc. 

The  term  "miscellaneous  substitute  fuels"  is  here  con- 
sidered to  include  any  substance  aside  from  petroleum, 
oil  shale,  synthetic  fuels  derived  from  coal  and  the 
motor-fuel  blends,  capable  of  supplying  energy  utiliz- 
able  as  internal-combustion  engine  fuel,  but  this  sec- 
tion of  the  study  is  primarily  concerned  with  gases  and 
materials  for  their  generation  adaptable  for  use  as 
motor  fuel.  Few,  if  any,  of  the  other  miscellaneous 
fuels  have  achieved  the  stage  of  commercial  exploita- 
tion. 

Compressed  gas  used  directly  in  place  of  gasoline, 
hut  producer  gas  requires  special  equipment. — Most 
important  are  the  gases  utilized  in  the  compressed 
state — coal  gas  (city  gas,  mine  gas,  "Ruhrgas,"  etc.) — 
resulting  from  the  carbonization  of  coal;  butane, 
propane,  and  pentane  obtained  principally  from  the 
liquefaction  of  coal  and  the  cracking  of  petroleum; 
and  natural  gas.  Usually,  the  high  energy  content  of 
these  gases  enable  them  to  be  used  satisfactorily  in  the 
ordinary  automobile  engine.  They  are  supplied  at 
service  stations,  where  metal  cylinders  containing,  on 
the  average,  propane-butane  equivalent  to  18  gallons 
of  gasoline,  methane  equivalent  to  4.6  gallons  of  gaso- 
line, and  coal  gas  equivalent  to  1.8  gallons  of  gasoline 
are  refilled  for  the  motorist.  Compressed  gases  are 
also  used  abroad  for  light  and  heat,  much  the  same  as 
"bottled"  gas  in  this  country. 

The  utilization  of  compressed  gases  as  motor  fuel  is 
a  comparatively  recent  development,  but  producer  gas 
generated  from  wood,  charcoal,  and  coal  was  used  as 
fuel  for  stationary  engines  as  early  as  1900.  Since  the 
World  War  there  has  been  a  steady  development  of 
gas  generator-power  units,  or  gasogene  motors,  as  they 
are  generally  referred  to,  adaptable  for  use  on  auto- 
mobiles and  tractors  as  well  as  stationary  installations. 
In  these,  power  is  developed  by  the  generation  of  gas 
from  the  retarded  combustion  of  wood,  charcoal,  peat, 
anthracite  or  bituminous  coal,  coke  or  briquetts,  passed 
through  filters  to   remove   impurities,   and   then    led 
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tlirough  a  mixing  valve  from  which  it  emerges  mixed 
with  air  in  the  proper  proportion  for  explosion  in  the 
combustion  chamber  of  the  engine.  Being  low  in 
energy  content,  producer  gas  can  only  be  used  satis- 
factorily in  automobile  engines  of  higher  than  average 
compression  ratio. 

Germany  largest  consumer  of  compressed  gases. — At 
the  end  of  1937  there  were  approximately  12,000  ve- 
hicles, mostly  trucks  of  2  or  more  tons  capacity,  operat- 
ing principally  on  propane,  butane,  and  "Ruhrgas" 
in  Germany,  and  during  1938  another  10,000  are  ex- 
pected to  be  converted  to  gas.  Improved  arrangements 
for  carrying  the  gas  cylinders  now  enable  a  weight  sav- 
ing of  40  percent  over  the  old-style  container.  Accord- 
ing to  a  recent  report,  propane  and  butane  are  now 
being  used  to  drive  Zeppelin  airships.  Consumption 
of  compressed  gases  as  motor  fuel  probably  reached 
112,000,000  pounds  in  1937,  and  if  plans  materialize, 
nearly  double  that  quantity  will  be  used  during  1938. 
The  use  of  compressed  gases  of  low  energy  content, 
such  as  city  gas  and  clear  gas,  is  likewise  gaining  as 
motor  fuel  in  Germany,  particularly  for  municipally 
owned  vehicles.  At  the  end  of  1937,  500  such  auto- 
mobiles were  in  service. 

Some  2,000-odd  motorcars  in  Germany  are  equipped 
with  producer  gas  or  gasogciie  units.  Fuel  in  con- 
venient form  is  now  available  for  these  vehicles  at 
numerous  stations.  Gasoline-driven  cars  are  converted 
to  the  use  of  producer  gas  in  Germany  at  a  standard 
charge  of  $160  to  $170.  Coal  is  not  generally  used  as 
gasogene  fuel  in  Germany,  but  hard  coal  is  said  to  be 
serving  satisfactorily  as  fuel  for  several  Diesel-type 
railway  engines  operating  on  producer  gas. 

Public  service  vehicles  to  he  gasogene  operated  in 
France  and  Italy. — Compressed  gases  are  not  yet  ex- 
tensively used  in  France  as  motor  fuel,  but  that  coun- 
try has  in  service  probably  the  largest  number  of  gas- 
ogene vehicles.  A  decree  became  effective  in  1937 
which  obligates  bus  and  truck  fleet  operators  of  10  or 
more  vehicles  to  utilize  wood,  or  motor  fuel  derived 
from  wood,  in  at  least  10  percent  of  their  cars  by  July 
1,  1939.  A  later  decree  authorized  the  Ministry  of 
Public  Works  to  permit  national  materials  other  than 
wood  to  be  utilized  for  motor  fuel.  In  this  connec- 
tion, considerable  interest  attaches  to  the  development 
of  "Carbonite,"  a  highly  concentrated  form  of  charcoal 
said  to  be  ideally  suited  as  fuel  for  producer  gas  auto- 
mobiles. An  exposition  devoted  to  gasogene  cars  was 
held  in  the  spring  of  this  year  at  Paris.  Exhibits  in- 
cluded cars  and  chasses  by  Berliet,  Renault,  Latel, 
Delahaye,  Licorne,  and  Unis  as  well  as  accessories, 
equipment,  and  special  fuels  for  gasogene  engines. 

In  endeavoring  to  coordinate  the  production  of  fuels 
from  domestic  materials,  Italy  has  tested  practically 
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all  of  the  better  known  fuel  gases  for  use  as  motor 
fuel.  In  1935  a  decree  was  published  requiring  all 
automobiles  operated  for  public  service  to  be  equipped 
to  utilize  nonpetroleum  fuels  by  December  31,  1937, 
and  on  January  1,  1938,  it  was  estimated  that  7,500 
vehicles  affected  by  the  law  would  use  fuel  as  follows: 
3,000  national  fuels  or  electricity,  2,000  on  naphtha, 
2,000  on  producer  gas,  and  500  on  compressed  gases. 
Substantial  deposits  of  natural  methane,  so-called 
marsh  gas,  are  being  developed  in  Italy,  particularly 
in  the  Province  of  Ferrara,  and  there  are  now  several 
stations  in  that  region  where  automobiles  operating 
on  compressed  gas  maj'  obtain  fuel.  Liquid  ammonia 
is  being  tried  as  motor  fuel  by  the  S.  I.  R.  I.  Company 
of  Terni,  but  thus  far  technical  difficulties  seem  to 
render  impractical  its  extensive  use  as  an  internal  com- 
bustion engine  propellant.  Acetylene,  after  several 
tests,  has  been  prohibited  by  the  Government  for  use 
as  motor  fuel. 

Practically  all  European  countries  encourage  use  of 
"national  motor  fuels.'''' — Neither  compressed  gases  nor 
producer  gas  is  much  used  as  a  propellant  for  automo- 
biles in  Great  Britain.  Stationary  gas  engines,  utiliz- 
ing wood  waste,  however,  power  numerous  saw  mills 
and  wood-working  plants;  and  one  such  installation  of 
1,900  brake  horsepower  is  said  to  be  giving  highly  satis- 
factory results  in  Southern  Rhodesia. 

Several  of  the  remaining  European  countries  have  a 
few  gas-driven  vehicles  in  service.  The  municipal  gov- 
ernment of  Vienna  in  Austria  and  the  Vitkavice  Iron 
and  Steel  Works  in  Czechoslovakia  own  trucks  driven 
by  compressed  illuminating  gas.  Gasogene  vehicles 
are  operated  by  the  Swiss  Post  Office  Department  and 
by  various  Government  agencies  in  Sweden.  Buses 
belonging  to  the  Forestry  Ministry  in  Lithuania  were 
reported  recently  to  have  changed  from  producer  gas 
to  gasoline.  Automobiles  in  Belgium  now  are  not 
required  to  use  producer  gas,  although  the  Govern- 
ment offers  certain  tax  exemptions  to  gasogene  vehicles. 
The  official  Soviet  trade  paper,  "Industrialization," 
reports  that  a  wood  burning  tractor  has  been  tested 
successfully  and  that  numerous  gasogene  automobiles 
are  in  service  in  the  Union  of  Soviet  Socialist 
Republics. 

The  agi'icultural  authorities  of  the  State  of  Minas 
Geraes,  Brazil,  are  reported  to  be  much  interested  in 
the  recent  trials  of  an  American  truck  equipped  with  a 
German  gasogene  unit.  In  1936  approximately  1,000 
trucks  and  buses,  as  well  as  numerous  small  stationary 
installations,  in  China  were  reported  operating  on 
charcoaj  gas.  Japan  is  said  to  have  2,000  trucks  and 
buses  equipped  with  charcoal  gas  generators.  Accord- 
ing to  the  Vancouver  branch  of  the  Forest  Products 
Laboratories  of  Canada,  producer  gas  could  be  used 


330 

advantageously  as  motor  fuel  in  large  areas  of  the  inte- 
rior of  that  country  where  gasoline  is  not  easily 
available. 

Propane,  butane,  and  "Ruhrgas"  are  sold  currently 
in  Germany  at  $18.15  per  220  pounds  against  $19.20 
for  the  same  quantity  of  gasoline.  This  saving  of  51/2 
percent  plus  an  average  energy  content  of  11,000  cal- 
ories for  the  gases  compared  to  10,000  calories  for 
gasoline  is  said  to  result  in  a  substantial  saving  in  favor 
of  compressed  gas. 

The  cost  of  converting  gasoline-driven  vehicles  in 
Europe  to  producer  gas  ranges  from  $150  to  $300  and  a 
new  gasogene  automobile  is  more  expensive  than  a  gaso- 
line car.  A  producer  gas  automobile  must  provide  space 
for  the  gas  generator  unit  and  for  the  carriage  of  solid 
fuel,  resulting  in  additional  weight  of  several  hundred 
pounds,  which  reduces  the  car's  transport  power. 
Gasogene  vehicles  are  slow  starting,  usually  requiring 
5  to  10  minutes  to  attain  smooth  running.  The  cost  of 
operating  a  producer  gas  automobile  depends  upon  fuel 
used.  According  to  recent  reports  from  Germany,  20 
to  24  pounds  of  properly  dried  wood  or  10  to  12i^ 
pounds  of  charcoal  will  furnish  about  the  same  power 
as  a  gallon  of  gasoline. 

Use  of  Tniscellaneous  motor  fuels  other  than  gases 
still  in  experimental  stage. — Rudolf  Pawlikowski, 
collaborator  of  Diesel  in  Germany,  has  developed  an 
engine  which  is  said  to  utilize,  as  fuel,  coal  dust  under 
heavy  pressure.  Internal-combustion  motors  have 
been  operated  on  creosote  oil  with  some  success  in  both 
England  and  Germany.  From  China  comes  a  report 
of  a  Diesel  motor  bus  driven  2,000  miles  on  vegetable 
oils,  including  those  extracted  from  peanuts,  tea  leaves, 
tung,  poppy  seed,  cotton  seed,  and  cabbage  seed.  The 
trial  indicated  an  average  of  7%  to  8  miles  per  gallon. 
Data  dealing  with  coal  dust  and  vegetable  oils  as  motor 
fuel  are  too  fragmentary  for  satisfactory  comparisons 
with  gasoline. 

Conclusion 

As  liquid  fuels,  especially  motor  fuels,  are  so  indis- 
pensable to  our  present  state  of  civilization  for  na- 
tional defense,  industry  and  pleasure,  it  is  but  natural 
that  nations  not  possessing  adequate  supplies  of  petro- 
leum should  seek  to  obtain  ownership  of  them  outside 
their  boundaries,  or  endeavor  to  produce  synthetic 
liquid  fuels  from  domestic  resources.  And  certainly 
commendable  progress  has  been  achieved  in  the  latter 
direction.  Thus  far,  however,  taking  into  considera- 
tion the  present  stage  of  development  of  the  internal 
combustion  engine,  it  is  only  possible  for  synthetic 
and  substitute  motor  fuels  to  compete  with  petroleum 
gasoline  if  the  latter  is  sold  to  the  public  at  a  price  2 
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times  and  upward  the  cost  of  that  gasoline  c.  i.  f. 
principal  European  ports. 

Synthetic  and  substitute  m,otor  fuels  generally  un- 
able to  compete  on  price  basis  with  gasoline. — Gasoline 
obtained  from  the  liquefaction  of  coal,  as  pointed  out, 
probably  costs  from  17  to  25  cents  per  gallon  at  plant. 
Price  comparisons  of  gasoline  with  motor  fuel  blends 
are  difficult  because  mixtures  vary,  the  energy  content 
of  the  fuels  differs,  and  the  cost  of  producing  ethyl 
alcohol,  benzol,  and  methanol  is  far  from  comparable 
from  country  to  country.  Price  comparisons  of  gaso- 
line with  gaseous  motor  fuels  are  even  more  awkward. 
The  energy  content  of  certain  compressed  gases — pro- 
pane, butane,  pentane,  and  "Ruhrgas"  is  higher  per 
unit  than  gasoline,  but  production  costs  are  not  ac- 
curately known,  and  utilization  of  compressed  gas  adds 
weight  to  the  car  in  the  form  of  containers.  Gasogene 
vehicles  appear  to  operate  less  expensively  than  gaso- 
line-driven automobiles.  Wlien  it  is  considered,  how- 
ever, that  to  utilize  producer  gas  the  vehicle  must  be 
rebuilt  or  specially  designed  to  house  a  gas  generator 
and  provide  space  for  solid  fuel  and  that  its  motor 
must  be  reconstructed,  or  built,  to  run  on  gas  of  low 
energy  content,  there  is  some  question  as  to  the  ability 
of  producer  gas  to  compete  with  gasoline. 

The  price  advantage  of  gasoline  over  synthetic  and 
substitute  motor  fuels  may  be  equalized  in  one  or  more 
of  several  ways.  Gasoline  may  be  made  expensive  by 
the  imposition  of  high  import  duties,  its  entry  into  the 
country  limited  because  of  quotas  or  exchange  restric- 
tions; both  domestically  produced  and  imported  gaso- 
line are  not  infrequently  subjected  to  high  sales  taxes. 
Assistance  to  motor  fuels  competing  with  gasoline  may 
take  any  one  or  a  combination  of  several  forms.  Syn- 
thetic fuels  obtained  from  coal  and  shale  are  usually 
exempted  from  excise  and  other  taxes,  thereby  enjoy- 
ing a  preference  at  least  equal  to  the  duty  on  imported 
gasoline,  and  may  obtain  financial  aid  from  the  Gov- 
erimient  for  plant  construction  either  as  an  outright 
grant  or  as  a  long-term  loan  at  a  low  rate  of  interest. 
Alcohol,  benzol,  and  methanol  are  nearly  always  ex- 
empted from  some  or  all  taxes  and,  in  addition,  often 
receive  substantial  direct  subsidies  from  the  Govern- 
ment through  their  sale  as  motor  fuel  at  prices  under 
those  jDaid  the  domestic  producer.  The  use  of  gaseous 
motor  fuels  is  being  promoted  by  State  regulation  of 
compressed  gas  distribution,  by  standardizing  the 
charges  for  conversion  of  gasoline  cars  to  gas,  by  re- 
mission of  taxes  assessed  against  the  automobile,  and 
by  compelling  Government-operated  and  public-service 
vehicles  to  utilize  "national  fuels." 

Extensive  use  of  nonpetroleum  motor  fuels  entails  for- 
feiture of  large  sums  in  customs  revenues  and  internal 
taxes. — It  is  apparent  that  every  gallon  of  imported 
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gasoline  displaced  by  an  equivalent  amount  of  domes- 
tically produced  synthetic  or  substitute  motor  fuel 
costs  the  State,  if  it  exempts  the  home-produced  fuels 
from  taxes,  an  amount  of  money  equal  to  at  least  the 
duty  collected  on  imported  gasoline.  By  this  practice 
alone,  foreign  governments,  particularly  Germany,  are 
surrendering  many  millions  of  dollars  each  year 
in  the  equivalent  of  customs  revenues.  Even  an  ap- 
proximate estimate  of  losses  incurred  through  remis- 
sion of  internal  taxes  and  direct  State  aid  by  various 
countries  in  promoting  the  use  of  substitute  fuel  is  out- 
side the  province  of  this  study.  The  accompanying 
table  shows  the  high  retail  prices  of  motor  fuel  in  sev- 
eral foreign  countries. 

Table  2. — Retail  prices  of  gasoline  in  some  coutitries  promoting 
the  use  of  nonpetroleum  motor  fuels 

[Prices  In  cents  per  American  gallon  as  of  Oct.  10, 1938] 


City  and  country 


London,  England 

Berlin,  Germany 

Paris,  France 

Tokyo,  Japan 

Stockholm,  Sweden 

Rome,  Italy 

Rotterdam,  Netherlands  '.. 

Antwerp,  Belgium 

Rio  de  Janeiro,  Brazil 

Prague,  Czechoslovakia 

Habana,  Cuba , 

Manila,  Philippine  Islands 

Warsaw,  Poland 

Budapest,  Hungary 

Tallin,  Estonia 


Retail  price 


31.4 
69.6 
27.  5-30.  5 
20.0 
2.5.0 
81.0 
30  0 
36.0 
24.9 
41.7 
30  0 
28.4 
39.0 
35.0 
34.0 


Import  duty 

and  tales 

Included  in 

retail  price 


14.9 
38.0 
17.9 

4.9 
11.1 
51.0 
15.0 
20.0 

8.8 
15.8 
16.6 

9.5 
11.0 
26.0 
21.0 


1  Price  as  of  July  10, 1937. 

Provision  for  national  defense  and  other  State  poli- 
cies promote  use  of  synthetic  and  substitute  fuels. — But 
more  than  economic  considerations  apply  to  the  utiliza- 
tion of  synthetic  and  substitute  fuels  abroad;  fre- 
quently there  are  involved  grave  questions  of  national 
policy.  It  is  freely  admitted  that  many  foreign  coun- 
tries are  sponsoring  the  use  of  nonpetroleum  motor 
fuels  as  a  means  of  becoming  less  dependent  upon  im- 
ports in  time  of  war.  This  statement  is  largely  true 
as  regards  synthetic  fuels,  but  only  part  of  the  story 
concerning  substitute  fuels.  It  is  reported  that  little 
use  of  alcohol  motor  fuel  blends  is  contemplated  for 
military  vehicles  and  aircraft;  that  in  several  countries 
the  production  of  alcohol  is  being  built  up  by  requiring 
its  use  as  motor  fuel  in  order  to  assure  adequate  stocks 
for  the  manufacture  of  armament  and  medical  supplies, 
and  that  benzol,  too,  would  be  largely  diverted  to  the 
production  of  munitions  for  war.     Still  other  reasons 
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may  seem  to  justify,  or  not  to  justify,  the  utilization 
of  substitute  fuels.  A  nation  may  wish  to  use  motor 
fuel  blends  even  though  gasoline  is  cheaper  on  the 
world  market,  because  of  the  unavailability  of  foreign 
exchange,  or  frankly  to  subsidize  agriculture,  or  some 
branch  of  industry.  On  the  other  hand,  the  govern- 
ment of  a  particular  country  in  a  position  to  manufac- 
ture alcohol  and  benzol  cheaply  may  prefer  not  to  en- 
courage their  use  as  motor  fuel,  appreciating  that  the 
disjilacement  of  any  considerable  quantity  of  imported 
gasoline  would  seriously  reduce  customs  revenues.  It 
is  not  always  possible  to  assay  tlie  foregoing  considera- 
tions in  terms  of  the  money  value  of  competing  fuels. 

United  States  keeping  abreast  of  developments  in 
rMnpetrolewn  motor  fuels. — Although  this  section  of 
the  Energy  Resources  Survey  deals  with  use  abroad 
of  synthetic  and  substitute  motor  fuels,  it  is  appro- 
priate to  recall  that  consideration  is  being  given  to  the 
feasibility  of  utilizing  such  motor  fuels  in  the  United 
States.  Experiments  in  connection  with  hydrogena- 
tion  are  being  conducted  in  the  laboratories  of  the 
Bureau  of  Mines  and  several  of  the  oil  companies, 
and  one  of  the  largest  American  petroleum  companies  is 
a  member  of  the  International  Ilydrogenation  ]*ateiits, 
Ltd.,  which  controls  the  world-wide  rights  to  the  Ber- 
gius-I.  G.  process.  Moreover,  there  are  at  least  two  com- 
mercial Ilydrogenation  plants  working  on  petroleum  in 
the  United  States.  Asyet  there  is  little,  if  any,  commer- 
cial exploitation  of  oil  shales  in  this  country.  In  the 
future,  however,  the  shales  of  Colorado,  Nevada,  Utah, 
and  Wyoming  particularly,  may  become  a  very  im- 
portant source  of  mineral  oil  supply.  Blended  motor 
fuels,  commonly  referred  to  as  "alky-gas",  arc  being 
sold  in  some  of  the  Central  Western  States.  These  are 
the  subject  of  another  section  of  the  Energy  Resources 
Survey,  jn-eparcd  by  Mr.  P.  Burke  Jacobs  of  the  De- 
partment of  Agriculture.  Liijuid  petroleum  gases,  es- 
jK'cially  butane  and  propane,  are  being  utilized  to  an 
increasing  extent  in  this  country  as  motor  fuel  for 
trucks,  buses,  tractors,  and  stationary  engines.  On 
the  West  Coast  some  trucks  used  for  the  transport  of 
fresh  food  products  have  been  equipped  for  butane 
gas,  which  not  only  furnishes  propulsion  but  through 
vaporization  produces  refrigeration. 

For  the  present,  fortunately,  the  United  States  has 
natural  petroleum  more  than  ample  to  meet  domestic 
requirements  for  motor  fuel,  heating  oils,  fuel  oils, 
lubricants,  etc.  If,  in  the  future,  alternative  sources 
of  these  products  need  to  be  found,  American  in- 
genuity £an  be  counted  on  to  solve  the  problem.  For- 
eign exjierience  in  the  field  of  substitute  and  synthetic 
fuels  would  Ijc  useful  as  a  guide  to  this  country's 
technicians  in  their  initial  efforts  to  develop  a  non- 
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petroleum  liquid  fuels  industry.  The  vast  size  and 
diversified  nature  of  the  fuel  requirements  of  the 
United  States,  however,  ■would  necessitate  the  develop- 
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ment  of  processes  and  techniques  more  economical  and 
efficient  and  capable  of  producing  a  greater  range  of 
products  than  those  now  employed  in  Europe. 


CHAPTER  3.— MOTOR  FUELS  FROM  AGRICULTURAL  PRODUCTS 

By  P.  Burke  Jacobs* 


The  possibility  of  economic  production  of  alcohol  or 
other  suitable  comjiounds  from  fann  products  or  wood, 
and  the  successful  use  of  such  derived  products  as  in- 
gredients in  a  blended  motor  fuel  as  a  means  of  aiding 
agriculture  or  of  conserving  petroleum  resources,  al- 
though desirable,  involve  many  teclmical,  legal,  and  eco- 
nomic problems.  Kecognition  should  be  given  to  the 
fact  that  irreplaceable  national  petroleum  reserves  are 
being  consumed  at  a  rapid  rate,  with  eventual  approach 
of  scarcity  and  higher  prices;  and  sources  of  replace- 
ment fuels  should  be  explored  now,  to  assure  continued 
supply,  even  though  engines  of  the  future  may  differ  in 
design  and  in  fuel  requirements  from  the  present  types. 
Engine  design  will  no  doubt  be  adapted  to  use  the  fuels 
economically  available  in  any  period.  The  problem 
should  be  considered  in  light  of  both  the  present  and 
the  future  situation. 

Alcohol  blends  and  similar  substitute  fuels,  as  now 
visualized,  have  of  themselves  no  intrinsic  superiority 
over  gasoline.  The  present  low  price  of  gasoline  and 
of  other  petroleum  fuels,  in  comparison  with  the  usual 
production  costs  of  alcohol  or  of  other  suitable  com- 
pounds derived  from  farm  materials,  requires  that  cer- 
tain fundamental  decisions  be  made  before  commercial 
use  of  such  higher  price  substitute  fuels  can  be  effected 
with  prospect  of  economic  success.  The  determination 
of  whether  the  use  of  blended  fuels  in  the  unmediate 
future  is  to  be  of  national  or  of  local  scope,  and  whether 
such  use  is  to  be  adopted  principally  as  a  national 
conservation  measure  or  as  an  agricultural  measure,  is 
necessary. 

The  present  annual  national  consumption  of  gasoline 
as  a  motor  fuel  is  around  22  billion  gallons,  requiring 
about  a  billion  barrels  (of  42  gallons)  of  crude  pe- 
troleum as  raw  material.  A  10-percent  alcohol  blend 
would,  therefore,  require,  on  a  national  use  basis,  ap- 
proximately 2,200  million  gallons  of  alcohol  or  equiva- 
lent compound.  The  total  present  alcohol  fermentation 
and  distillation  production  capacity  of  the  United 
States  is  only  about  600  million  gallons  annually,  di- 
vided rather  equally  between  industrial  alcohol  plants 
and  beverage  spirit  (whiskey,  gin,  rum,  etc.)  plants. 
Perhaps  half  of  this  total  capacity  might  now  be  avail- 
able for  motor  fuel  spirit  production,  due  to  limitation 
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of  present  markets  for  alcohol  and  spirits.  In  case  of 
war  or  of  similar  exceptional  conditions,  this  excess 
capacity  would  probably  not  be  available.  Around  300 
alcohol  plants  of  20,000  gallons  daily  production  capac- 
ity each  would,  therefore,  be  required  to  produce  the 
necessary  alcohol,  at  a  required  capital  investment  of 
approximately  250  million  dollars.  This  expenditure 
would,  however,  tend  to  offset  future  national  expenses 
likely  to  be  incurred  through  shifting  of  acreages  to 
new  crops,  increased  investments  required  to  maintain 
petroleum  production,  employment  of  labor,  and  similar 
items. 

Commercial  employment  of  alcohol  blends  or  other 
substitute  fuels  may  involve  higher  fuel  costs  which 
would  have  to  be  met  in  some  manner.  A  consider- 
able percentage  of  the  motoring  public  will  doubtless 
j^refer  to  continue  to  use  unblended  gasoline  because 
of  the  i^robable  lower  cost  and  the  jjast  satisfactory 
Ijerformance  of  gasoline  fuels  in  motor  cars  of  present 
design.  Since  competition  between  straight  gasoline 
and  replacement  fuels  or  blends  is  hardly  possible 
on  an  equal  cost  basis  at  present,  and  since  substitution 
of  other  fuels  would  have  certain  economic  effects  on 
the  existing  petroleum  industry,  particularly  on  the 
present  distribution  system,  while  use  of  fuels  of  ir- 
regular and  varying  compositions  may  cause  dissatis- 
faction to  the  motoring  jDublic,  marketmg  of  new  fuel 
products  must  be  effected  in  such  a  manner  as  to  avoid 
creating  conditions  adverse  to  the  best  intei'ests  of 
motorists  and  of  the  petroleum  and  associated  indus- 
tries. Suitable  means  would  have  to  be  evolved  to 
bring  the  new  products  into  commercial  use  without 
adverse  effect  on  the  existing  fuel  situation,  without 
undue  increase  in  cost  to  the  public,  and  without  the 
introduction  of  motoring  difficulties. 

From  the  agricultural  standjDoint,  a  replacement  fuel 
program  might  visualize  merely  the  advantageous  uti- 
lization of  present  unsalable  crop  surpluses,  culls,  by- 
products and  wastes  to  eke  out  farm  income,  or  it 
might  be  based  on  a  concept  of  crop-price  stabiliza- 
tion through  removal  of  considerable  quantities  of 
crops  from  food  or  feed  markets  by  increased  indus- 
trial use  of  farm  products.  An  agricultural  fuel  pro- 
gi'am  might  also  be  conceived  on  the  basis  of  an  en- 
larged agricultural  production  of  crops  intended  spe- 
cifically for  industrial  use.  These  latter  concepts  would 
predicate  the  existence  of  large  industrial  outlets.    At 
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present,  motor  fuel  is  the  only  likely  market  where  the 
great  quantities  involved  could  be  absorbed  without 
undue  readjustment. 

Present  low  sale  prices  due  to  low-cost  competitive 
gasoline  and  relatively  high  replacement  fuel-produc- 
tion costs  bring  about  a  condition  under  which  farm 
products,  used  for  fuel  production,  can  yield  only  low- 
returns  to  the  farmer  under  present  crop-raising  sys- 
tems. Furthermore,  despite  occasional  surpluses  of 
the  various  crops,  the  year-to-year  amounts  of  surplus 
and  culls  or  wastes  which  might  be  available  as  motor 
fuel  raw  materials,  under  present  crop-raising  limita- 
tions, would  be  inadequate  to  provide  sufficient  alcohol 
for  a  national  use  of  a  blended  fuel  of  a  definite  com- 
position involving  10  percent  of  alcohol  or  an  equiva- 
lent material.  x\t  present,  also,  the  manufacturing 
plant  capacity  for  producing  the  required  alcohol  does 
not  exist,  and  the  mechanism  of  Government  control, 
as  now  constituted,  to  avoid  illegal  diversion  or  use  of 
tax-free  alcohol  would  be  inadequate;  and  effective  de- 
naturants  for  such  alcohol  are  lacking.  A  period  of 
at  least  five  years  might  be  necessary  to  change  suffi- 
ciently the  existing  situation  in  all  these  respects. 


A  certain  amount  of  alcohol  could  be  produced  im- 
mediately, and  a  gradual  but  definite!}'  limited  expan- 
sion of  available  materials  and  processing  facilities 
would  be  possible  within  the  limits  set  by  the  prices 
which  might  be  paid  for  raw  materials,  or  the  retui'ns 
which  might  be  secured  from  the  sale  of  by-products  of 
the  process.  With  present  crop  production,  the  re- 
moval for  industrial  purposes  of  any  significant 
amounts  of  farm  products  from  the  food  and  feed  mar- 
ket would  innnediately  result  in  price  increases.  Prices 
of  crops  for  industrial  use  on  any  large  scale  would 
soon  rise  to  impractical  levels  and  limit  such  consump- 
tion. While,  therefore,  the  industrial  utilization  of 
crops  might  be  employed  as  a  definite  crop  price-rais- 
ing expedient,  the  farmer  may  not  actually  be  bene- 
fited, as  gains  in  cash  income  might  bo  con.siderably 
offset  by  higher  food  and  feed  costs,  and,  in  the  case  of 
motor  fuels,  by  the  fact  that  the  farm  population  an- 
nually consumes  perhaps  25  percent  of  the  national 
motor  fuel  used,  and,  therefore,  would  bear  a  propor- 
tionate share  of  any  increased  fuel  costs. 

Present  crops  might  yield  the  amounts  of  alcohol 
shown  in  table  3. 


Table  3. — Quanlities  of  alcohol  obtainable  from  various  crops  as  now  produced  in  the  United  States 


Material 


Apples 

Barley 

Buckwheat 

Com. 

Orain  sorghum 

Grapes 

Jerusalem  artichokes'. 

Oats 

Peaches 

Peais 

Plums  and  prunes 

Potatoes  (white) 

Rice  (rough) 

Rye 

8weetpotatocs 

Sugar  beets 

Sugarcane 

Wheat 


Total. 


Average  pro- 
duction, 

1928-32 


161,333,000 

281,237,000 

8, 277, 000 

2,654,772,000 

97,760,000 

2, 199, 679 


1,215, 

66, 
23, 

372, 
42, 
3S, 


4, 
864, 


Unit 


Bushel. 
do.. 


do. 

do. 

....do. 
Ton 


Bushel. 

do.. 

do.. 

Ton.  .. 
Bushel. 
do-. 


....do. 
....do. 

Ton 

....do. 
Bushcl- 


.\veraf;e  acre- 
age, 1928-32 


12,6-!6,000 

568,000 

103,419.000 

7, 016,  (MO 


40,016,000 


3,327,300 
926.000 

3,315.000 

771,000 

717,000 

266,000 

60,  138. 000 


Alcohol  pro- 
ducible per 
imit,  wine 
gallons  I 


0.35 
1.90 
2.00 
2.35 
2.22 
15.1 
20.0 
1.02 
.28 
.29 
10.9 
.69 
1.79 
2.2 
.94 
22.1 
16.2 
2.67 


Alcohol  pro- 
ducible from 
total  crop,  wine 
gallons  > 


66,466,550 
534,360,300 

16,554,000 

6,003,714,200 

217, 027,  200 

33,215,150 


1,239,404,040 

15, 806, 280 

6,712,340 

3,987,690 

256, 759, 350 

76,668,640 

84,066.400 

62,385,920 

194,877,800 

75,908,800 

2,221,847.240 


11,099,741,700 


Alcohol  pro- 
ducible from 
15  percent  of 
crop,  wine 
gallons  ' 


8,469,982 
80, 152, 545 

2, 483. 100 
900, 557, 130 
32, 564, 080 

4,982,273 


186,910,606 

2, 370, 942 

1,006,851 

598, 138 

38,613,903 

11,498,782 

12, 609, 960 

9,357,888 

29,231,670 

11.386,320 

333,277,085 


1.664,961,255 


1  United  States  wine  gallons  of  alcohol  at  99.8  percent  by  volume,  estimated  on  average  analysis  of  the  several  raw  materials. 

2  No  present  commercial  production. 


Since  it  is  probable  that,  as  a  general  year-to-year 
average,  only  15  percent  of  any  crop  could  be  diverted  to 
industrial  use  under  existing  conditions  without  appre- 
ciable effect  on  the  price  structure  (this  percentage  in- 
cluding present  surpluses,  culls,  and  wastes),  the  total 
alcohol  shown  as  producible  from  the  18  crops  listed 
would  represent  only  about  a  7.5-percent  blend  of  the 
present  amount  of  gasoline  annually  used  in  the  United 
States.    Few  alcohol  processing  plants  are  now  situated 


in  areas  sufficiently  close  to  crop  production  to  make  ef- 
fective use  of  this  material.  Haulage  of  croj)  materials 
over  any  great  distances  would  involve  proliibitive  costs. 
The  low  prices  wliich  could  be  paid  for  materials  at  al- 
cohol plants  would  not  tend  to  stimulate  collection  and 
haulage,' except  of  nearby  material.  Any  program  lim- 
ited to  the  use  of  such  excess  materials  at  present 
will  involve  the  production  of  restricted  and  variable 
amounts  of  alcohol,  at  a  great  range  of  production  costs. 
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Alcohol  plants  forced  to  operate  on  the  poorer  types 
of  raw  materials  by  reason  of  geographical  location 
would  have  to  market  relatively  high-priced  alcohol  in 
competition  with  plants  situated  near  better  raw  mate- 
rials. Also,  since  perishable  materials  cannot  be  stored 
and  would  have  to  be  processed  immediately,  plants 
could  not  operate  through  the  year  on  such  materials 
and  would  have  to  base  winter  operations  on  supple- 
mentary materials,  such  as  grain  or  molasses.  Alcohol 
plants  require  trained  personnel,  and  such  staffs  would 
necessarily  have  to  be  carried  over  inactive  periods. 
From  an  economy  standpoint,  alcohol  production 
should  be  carried  out  on  the  largest  possible  scale  with- 
out shut-downs.  A  national  industry  utilizing  only 
culls  or  excess  crops  would  fail  through  enforced 
periods  of  inactivity  as  well  as  from  internal  competi- 
tion, unless  such  industry  were  organized  on  a  basis 
whereby  these  problems  could  be  equitably  adjusted, 
with  a  sufficient  raw-material  supply  for  year-round 
operation  assured.  Alcohol  produced  from  farm  crops 
may  have  to  compete  with  cheaper  alcohol  produced 
from  molasses  or  synthetically  from  ethylene  gas. 
Furthermore,  the  blended  fuel  made  from  such  alcohol 
would  have  to  compete  directly  with  lower  cost  gaso- 
line, unless  some  definite  marketing  arrangement  be 
formulated  in  advance. 

The  oidy  materials  now  used  in  alcohol-distillation 
plants  are  waste  cane  molasses  (the  principal  source  of 
industrial  alcohol),  corn,  barley,  rye,  rice,  grapes,  and 
apples.  The  cereal  grains  are  used  mainly  for  whiskey 
production,  corn  being  used  in  small  amounts  as  a 
source  of  industrial  alcohol.  Grapes  are  used  only  for 
brandy  and  wine,  and  apples  for  apple  brandy.  The 
consumption  of  the  several  agricultural  raw  materials 
in  producing  industrial  or  beverage  alcohol  is  shown 
in  table  4. 

Table  4. — Farm  materials  used  &i/  the  distilling  industry ' 


Material  > 

For  indus- 
trial alcohol 

For  distilled 
spirits 

Total 

Moiasses  (principally  cane  black  strap) 
gallons.. 

Com _ bushels.. 

Barley  (as  malt,'  calculated  to  original 
barley) bushels,. 

202,631,056 
3,544,066 

782,012 

5,343 

518 

5,349,660 
32,698,074 

5,812,740 

5,126 

11,551,306 

54,311 

'390,000 

•  131,024 

208,070,716 
36, 242, 140 

Barley  (as  grain) do 

Rye - -.- do 

Wheat do  .. 

6,605,221 
11,  633, 158 

Apples  * _ bushels  . 

'  Fiiical  year  1937.  Fermentation  processes  not  employing  distillation  are  not 
Included. 

»  Browing,  cereal  beverage,  and  wine  industries  not  included. 

*  Barley  malt  produced  for  other  than  spirit  purposes  is  not  included. 

'  Includes  brandy  produced  for  wine-fortification  purposes,  but  excludes  pomace, 
wash,  etc. 

'  Estimated. 

Note. — Small  amounts  of  oats,  rice,  sweetpotatoes,  sorgo,  pineapple  juice,  com 
sirup,  cider,  wine,  apricots,  prunes,  peaches,  etc. 


The  producer  of  agricultural  raw  material  is  par- 
ticularly interested  in  the  acre  income  return  securable 
from  the  material,  -while  the  industrialist  is  more  con- 
cerned with  tonnage  yields  and  costs.  The  ton  and 
acre  returns  for  certain  materials  are  approximately  as 
follows,  based  on  present  varieties  and  yields : 


Gallons  of 

alcohol  per 

ton 

Gallons  of 

alcohol  per 

acre 

Wheat 

85.0 
70.0 
84.0 
81.4 
34.2 
22.9 
15.2 
22.1 

33.0 

Wood 

'70.0 

Com 

88.S 

Raisins. --    .  .       .  ,  . 

102.0 

141.0 

Potatoes,  white 

178.0 

Sugarcane _ 

26S.0 

Sugar  beet-_ 

287.0 

>  Estimated. 


It  is  apparent  that  corn  and  wheat,  most  interesting 
to  the  industrialist,  yield  lower  returns  per  acre.  At 
the  same  time,  alcohol  production  costs  for  the  ma- 
terials of  greater  interest  to  the  farmer  are  too  high. 

Present  alcohol  plant  and  processing  costs  are  such 
that  only  the  more  concentrated  materials,  such  as 
corn,  can  be  employed  competitively  against  blackstrap 
molasses  as  a  source  of  alcohol.  The  processes  of 
making  alcohol  or  alcoholic  beverages  are  largely  con- 
ventionalized, and  many  possible  raw  materials  have 
not  been  employed  because  of  higher  material  or  op- 
erating costs,  effect  on  odor  or  flavor,  etc.  Future  re- 
search will  be  necessary  to  establish  the  relative  value 
of  these  other  materials  as  alcohol  sources.  Since  motor 
fuel  alcohol  need  not  be  bound  by  purity  limitations, 
great  latitude  is  possible  in  the  type  of  process,  equip- 
ment, and  raw  material  employed.  It  may  be  possible 
to  reduce  alcohol  production  costs  through  new  dis- 
coveries in  this  field.  Large-scale  motor  fuel  alcohol 
production  need  not  be  concerned  with  present  molasses 
alcohol  cost  criteria,  since  the  small  excess  of  mo- 
lasses would  quickly  be  absorbed  in  such  an  extended 
program. 

Recent  experiments  on  the  manufacture  and  sale  of 
power  alcohol  in  the  Mississippi  Valley,  while  demon- 
strating the  usability  of  blended  fuels,  have  not  j'et  con- 
vincingly demonstrated  that  present  economic  difficul- 
ties can  be  adequately  overcome. 

Alcohol  price  depends  largely  on  raw  material  and 
conversion  costs  and  byproduct  credits.  The  conver- 
sion cost  remains  more  or  less  constant  for  a  given  ma- 
terial, but  the  price  of  the  material  may  fluctuate  wide- 
ly. Returns  from  stock  feed,  fusel  oil,  carbon  dioxide, 
or  other  byproducts  may  be  credited  against  the  costs 
when  markets  for  such  byproducts  are  available.  The 
dried  residues  from  the  fermentation  of  various  ma- 
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terials  (except  molasses)  have  values  which  differ  for 
each  raw  material,  and  these  values  also  fluctuate  with 
demand  and  with  the  price  of  the  original  raw  ma- 
terial. No  fixed  price  can  now  be  stated  as  being  a 
true  alcohol  cost  because  of  the  influence  of  all  these 
variables.  Relative  byproduct  values  may  also  decrease 
with  the  increase  of  production  of  alcohol  to  the 
required  amounts  for  a  national-blend  program. 

Perhaps  25  million  additional  acres  of  crops  would 
be  required  for  such  a  progi'am  above  present  acreages. 
Successful  experimentation  in  producing  larger  alcohol 
retui-ns  per  acre,  through  intensive  planting  or  fertili- 
zation or  through  the  use  of  special  varieties  of  the 
respective  source  matei-ials,  may  change  present  esti- 
mates as  to  crop  requirements. 

As  far  as  can  now  be  visualized,  future  alcohol  costs 
can  be  so  reduced  as  definitely  to  permit  the  use  of 
crops  as  a  future  fuel  source  as  petroleum  prices  ad- 
vance. In  this  way,  an  annually  renewable  material 
resulting  from  the  interaction  of  sun,  air,  soil,  and 
water,  may  be  economically  available  partially  to 
offset  consmnption  of  present  irreplacable  fuels.  Fuels 
may  be  producible  by  synthesis  from  gases  at  lower 
costs  than  from  ci'op  materials,  but  it  is  doubtful  if 
fuels  from  shale  oil  or  from  the  hydrogenation  of  coal 
can  so  compete. 

Wood  may  be  considered  as  an  agricultural  product, 
and  alcohol  can  be  produced  therefrom.  The  cellulose 
of  the  wood  can  be  converted  into  sugar  by  the  action 
of  mineral  acids,  and  this  sugar  can  be  subsequently 
fermented  to  form  alcohol.  Two  commercial  processes 
are  now  in  use  in  Germany,  the  Bergius  process  (em- 
ploying concentrated  hydrochloric  acid),  and  the 
Scholler  process  (using  dilute  sulphuric  acid,  under 
different  operating  conditions).  Yields  of  sugar  seem 
to  be  somewhat  similar  in  both  processes.  A  consid- 
erable amount  of  byproducts  results  fi'om  the  action 
of  the  acid  on  the  pentosans  and  other  hemicelluloses 
and  lignin  present  in  the  original  wood,  and  the  util- 
ization of  these  bypi'oducts  is  essential  for  the  commer- 
sial  success  of  the  processes.  Pentosans  yield  unfer- 
mentable  sugars  which  seem  to  have  some  value  as 
stock  feed.  Tlie  lignin,  however,  which  may  consti- 
tute up  to  30  percent  of  the  original  wood,  still  lacks 
much  commercial  utilization,  being  largely  carbonized 
in  the  processes  employing  strong  acid. 

As  an  alternative,  the  wood  could  be  burned  for  the 
production  of  carbon  monoxide  and  hydrogen,  and 
these  gases  might  then  be  synthesized  to  form  motor 
fuels  by  processes  such  as  the  Fisher-Tropsch,  now 
operating  in  Germany. 

Present  wood  resources  of  the  United  States  would 
not  be  sufficient  to  carry  a  replacement  fuel  produc- 
tion   program.    Furthennore,    annual    acre    returns 


would  be  low.  Processes  employing  wood  as  raw  ma- 
terial might  also  utilize  the  annual  production  of  per- 
haps 2()0  million  tons  of  cellulosic  waste,  such  as  corn- 
stalks and  cobs,  straws,  hulls,  shells,  stalks,  etc.,  which 
now  find  relatively  limited  economic  use.  The  inherent 
chemical  composition  of  these  materials  is  practically 
that  of  wood,  with  variation  in  the  respective  constitu- 
ent percentages.  These  materials  are  comparable  to 
wood  waste,  and  all  such  materials,  as  well  as  low 
grade  or  inferior  wood,  might  serve  as  sources  of  meth- 
anol, tars,  oils,  or  of  wood  gas,  if  cai'bonized,  in  lieu 
of  the  wood  saccharification  processes  mentioned  above. 
Cellulosic  materials  are  also  direct  potential  sources  of 
heat.  Fuel  compounds  may  also  be  synthesized  from 
wood  gases.  Assuming  low  cost  collection  and  proc- 
essing of  materials,  a  partial  supply  of  replacement 
fuel  might  be  produced  from  the  utilization  of  such 
present  forest  or  farm  byproducts. 

To  consider  the  production  of  agricultural  motor 
fuels  as  an  expedient  to  ci-eate  high  crop  prices  will 
involve  definite  increases  in  fuel  costs  and  a  very  ex- 
tensive program  of  crop  production,  and  a  definite 
method  of  equalization  of  costs,  standardization  of 
blends,  and  sale  of  fuel  would  then  have  to  be  for- 
mulated in  order  to  meet  the  changed  economic  condi- 
tions which  would  eventuate.  Future  advances  of  pe- 
troleum fuel  prices  resulting  from  approaching  scar- 
city of  reserves  will  tend  to  minimize  the  present  dif- 
ferential between  alcohol  and  petroleum. 

From  the  foregoing,  it  should  be  apparent  that  the 
production  of  agricultural  fuels  involves  not  only  tech- 
nical questions  but  larger  problems  of  national  eco- 
nomics; and,  therefore,  a  definite  policy  should  be  de- 
cided upon  before  embarking  on  an  agricultural  motor- 
fuel  program.  Casual  or  tentative  excursions  into  such 
field, .  under  present  conditions,  may  not  be  economi- 
cally successful  because  of  the  inherent  problems  which 
must  be  faced.  Standardization  of  national  motor  fuel 
seems  to  be  a  prerequisite  for  success.  The  probable 
total  increased  fuel  cost  incurred  through  the  use  of  a 
national  alcohol  blend  would  approximate,  and  might 
replace  or  offset,  any  national  subsidies  now  being  paid 
directly  or  indirectly  under  present  crop-control  pro- 
grams. Use  of  agricultural  fuels  would  permit  the  se- 
curing of  a  return  from  present  crop  wastes,  which 
could  be  processed  once  the  production  facilities  ex- 
isted, and  employment  of  labor  would  be  stimulated 
and  other  indirect  benefits  secured. 

There  has  been  much  controversy  concerning  the 
value  of  ethyl  alcohol-gasoline  blends  in  comparison 
with  straight  gasoline  as  fuel  for  internal-combustion 
engines.  Since  alcohol  has  only  84,425  British  thermal 
units  per  gallon  as  compared  with  perhaps  135,000  for 
gasoline,  the  superiority  of  the  straight  petroleum  fuel 
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in  this  respect  would  be  unquestioned  if  our  present 
motors  were  designed  to  utilize  efficiently  tlie  thennal 
capacity  of  tlie  fuel,  but  this  is  not  the  case.  Alcohol 
blends  can  be  used  under  higher  comparative  compres- 
sion ratios  than  ordinary  gasoline,  thus  offsetting  the 
need  of  employing  tetraethyl  lead  or  similar  anti- 
knock agents.  Alcohol,  itself,  has  an  antiknock  rating 
of  90  compared  to  iso-octane,  which  is  the  standard, 
while  commercial  motor  gasolines  range  from  50  to  82 
or  more  in  octane  rating,  depending  on  source  and 
method  of  production.  The  use  of  higher  octane  fuels 
under  increased  cylinder  compression  allows  the  gen- 
eration of  more  power  per  explosion,  and,  therefore, 
imder  suitable  conditions,  an  alcohol-blended  fuel  may 
produce  equivalent  power  despite  lower  thermal  value. 
The  actual  power  and  mileage  output  of  an  automo- 
bile engine  is  the  result  of  such  variables  as  compres- 
sion, carburetor  setting,  spark  adjustment,  temperature, 
volatility  of  fuel,  rate  of  forward  motion,  and  engine 
and  body  design.  The  actual  results  are  usually  com- 
plicated by  traffic  conditions,  methods  of  driving,  head 
or  tail  winds,  tire  traction,  road  composition  and  grade, 
weight  of  car,  and  other  variable  factors.  Since  com- 
mercial gasolines  are  themselves  not  standardized  in 
composition,  and  since  car  manufacturers  use  different 
designs  and  sizes  of  engines,  different  carburetion  sys- 
tems, and  degi'ees  of  compression  covering  a  consider- 
able range,  the  over-all  power  production  from  ordi- 
nary gasoline  varies  for  the  several  makes  of  cars,  as 
well  as  for  the  usual  trade  fuels.  This  variation  be- 
tween gasolines  is  probably  as  great  as  the  difference 
which  would  result  from  the  use  of  a  10-percent  alco- 
hol blend,  and  at  most,  the  net  mileage  output  of  such 
a  blend  would  probably  be  within  5  percent  of  that  of 
a  comparable  gasoline. 

Advocacy  of  a  10-percent  blend  represents  an  eco- 
nomic compromise  rather  than  a  scientific  optimum. 
In  the  case  of  blends  of  15-20  percent  alcohol  concen- 
tration, while  improved  antiknock  quality  and  water 
tolerance  are  achieved,  mileage  decreases  due  to  low- 
ered heat  value  may  become  more  marked.  Further- 
more, the  production  of  blends  of  this  concentration  on 
any  national  scale  is  now  beyond  the  realm  of  imme- 
diate possibility.  At  the  other  extreme,  blends  of 
around  2  percent  would  give  practically  no  increased 
antiknock  effect  and  involve  a  slightly  lowered  heat 
value,  at  the  same  time  accomplishing  but  little  petro- 
leum conservation.  Experience  has  shown  that  blends 
of  10  percent  will  function  in  present  motor  cars  with 
practically  the  same  efficiency  as  gasoline.  Since  with 
this  amount  some  petroleum  conservation  might  be 
achieved,  since  an  extension  of  agricultural  crop  pro- 
duction sufficient  to  yield  this  amount  of  alcohol  is  pos- 


sible with  available  acreage,  this  percent  blend  presents 
the  more  favorable  possibility  from  all  standpoints. 

Use  of  alcohol  induces  cooler  engine  operation,  which 
is  an  advantage  under  certain  conditions,  but  may 
affect  engine  starting  in  cold  weather.  Alcohol  blends 
also  possibly  exhibit  less  vapor  locking  tendency  in 
warm  weather.  The  addition  of  alcohol  to  straight 
gasolines  of  low  octane  rating  tends  to  improve  the 
fuel,  whereby  it  can  be  sold  at  the  price  of  a  higher 
grade;  although,  in  comparison  to  tetraethyl  lead,  by 
use  of  which  the  same  effect  may  be  secured,  the  cost 
for  alcohol  may  average  a  cent  or  more  higher  per 
gallon  of  blend,  for  the  same  equivalent  effect.  There 
is  little  real  evidence  to  support  claims  that  alcohol 
blends  may  have  a  corrosive  effect  on  an  engine.  Cer- 
tain adverse  effects  of  alcohol  may  result;  these  relate 
principally  to  the  solvent  action  of  the  alcohol  on  rust 
and  gum  deposits  in  the  fuel  lines,  action  on  shellac 
where  direct  contact  may  occur,  and  possible  action  on 
the  body  finish  of  the  car  in  cases  of  accidental  spillage. 
The  latter  two  effects  can  be  easily  controlled  and  are 
not  inherently  serious.  Stoppage  of  the  fuel  lines  due 
to  solvent  action  on  accumulated  rust  will  occur  when 
the  cars  are  shifted  from  gasoline  to  alcohol  blends, 
since  gasoline  contains  traces  of  water  which  foi-ms 
rust  deposits.  However,  once  the  system  is  cleaned, 
no  further  difficulty  should  be  experienced.  The  ac- 
tion of  denaturants  which  may  be  used  with  the  alcohol 
cannot,  of  course,  be  predicted  in  advance. 

Since  motor  fuel  alcohol  will  have  to  be  denatured, 
and  since  alcohol  blends  also  require  the  presence  of 
so-called  "blending  agents"  in  order  to  achieve  a 
greater  tolerance  to  water  admixture,  it  may  be  possible 
to  combine  the  function  of  a  blending  agent  and  of  a 
denaturant  in  one  substance  or  mixture  of  substances. 
Alcohol  now  used  for  blending  with  gasoline  is  usually 
relatively  anhydrous;  otherwise,  if  95  percent  al- 
cohol (commercial  grade)  is  used,  an  unstable  mixture 
results  which  is  easily  separated  upon  the  addition 
of  traces  of  water  under  extremes  of  temperatures. 
The  greater  effective  quantity  of  blending  agents  em- 
ployed, the  more  nearly  a  95  percent  alcohol  blend  wUl 
approach  the  characteristics  of  an  anhydrous  alcohol 
blend.  Since  blending  agents  may  lend  advantageous 
characteristics  to  the  fuel,  it  may  later  be  proved  that 
the  necessity  of  using  anhydrous  alcohol  might  be 
avoided.  Suitable  blending  agents  such  as  acetone, 
butyl  alcohol,  amyl  alcohol,  etc.,  may  be  produced  from 
agricultural  materials. 

Considered  from  the  standpoint  of  over-all  thermal 
efficiency,  agricultural  products  may  not  be  comparable 
with  other  fuel  sources.  The  present  total  yield  of 
gasoline  from  crude  petroleum  is  perhaps  45  jDercent 


Energy  Resources  and  National  Policy 


337 


by  volume,  the  remaining  55  percent  representing  fuel 
oil,  lubricants,  pitch  or  coke  and  gas,  all  of  which 
have  secondary  fuel  values.  In  the  case  of  a  bushel  of 
corn  weighing  5G  pounds,  of  which  perliaps  6  pounds 
represents  moisture,  the  remaining  50  pounds  will 
change,  under  fermentation,  into  approximately  15 
pounds  of  alcohol  and  15  pounds  of  carbon  dioxide, 
plus  small  amounts  of  fusel  oil  or  other  byproducts,  the 


residue  representing  protein  and  fiber.  This  latter 
has  definite  value  as  a  stock  feed.  On  a  thermal  basis, 
about  94  percent  of  the  energy  represented  in  tlie  orig- 
inal carbohydrate,  before  fermentation,  is  found  in 
the  alcohol.  In  other  fuels  such  as  hydrogenated  prod- 
ucts from  coal,  consideration  must  be  given  to  the  proc- 
essing fuel  consumed  in  effecting  the  changes,  decreas- 
ing the  apparent  efficiency. 


PART    THREE  — SECTION    I 
COAL   MINING   WASTES   AND   THEIR   PREVENTION 

By  George  H.  Ashley* 


Coal-mining  losses,  as  shown  by  studies  made  in 
1922-23  for  the  United  States  Coal  Fact  Finding  Com- 
mission, range  from  nothing  to  50  percent  or  more.^ 
Theoretically,  all  of  this  is  wastage.  Practically,  it 
may  be  divided  into  three  parts :  ( 1 )  Wastage  due  to 
carelessness  or  technically  poor  methods  of  mining  or 
subsequent  handling,  (2)  coal  of  which  the  cost  of  re- 
covery exceeds  the  average  cost  but  which  may  be. 
mined  profitably  if  the  margin  of  profit  is  not  too  low, 
(3)  coal  of  which  the  cost  of  recovery  exceeds  any 
probable  near  future  sales  price. 

By  cost  and  sales  price  here  is  meant  the  total  cost, 
including  capital  cost  and  taxes  to  the  point  of  de- 
livery to  the  consumer ;  and  by  net  sales  price  the  reali- 
zation after  deducting  the  cost  of  selling.  Were  the 
sales  prices  high  enough  all  coal  could  be  mined  at  a 
profit.  Under  such  conditions  any  coal  left  in  the 
mine  or  lost  in  transit  would  be  wastage.  In  the  last 
analysis  what  is  avoidable  loss,  and  therefore  wastage, 
and  what  is  unavoidable  loss,  is  determined  by  the  rela- 
tion between  the  total  cost  and  the  net  sales  realization. 

In  this  discussion,  coals  will  be  designated  as  com- 
petible  or  noncompetible,  according  as  they  can  or 
cannot  be  mined  at  a  profit.  This  will  vary  with  con- 
ditions so  that  noncompetible  coals  today  may  be  com- 
petible  tomorrow,  or  vice  versa. 

It  is  true  that  the  total  cost  and  net  realizations  are 
subject  to  modification;  total  cost  by  better  technical 
processes,  better  financing,  and  the  correction  of  any 
unfair  tax  or  other  charges;  and  net  sales  realization 
by  better  classification  of  the  coal  to  enable  it  to  enter 
more  varied  markets,  better  preparation  to  secure  a 
better  price,  and  in  other  ways."     Coal  losses  due  to 


•Director,  Pennsylvania  Geological  Survey. 

■^Report  of  the  U.  S.  Coal  Commission,  1925,  pt.  I.  pp.  187-191; 
pt.  Ill,  pp.  1S41-1S76.  Detailed  reports  on  coal  losses  prepared  for  the 
Commission  were  as  a  rule  published  by  the  several  States  involved  : 
e.  g.,  J.  D.  Sisler.  Bituminous  Coal  Losses  and  Mining  Methods  in 
Pennsylvania ;  Geol.  Surv.,  Ta.,  Bull.  M— 1,  1924  ;  D.  C.  Ashmead, 
Anthracite  Losses  and  Reserves,  Geol.  Surv.,  Pa.,  Bull.  M-8,  1926 ; 
J.  D.  Sisler  and  C.  A.  Allen,  Coal  Losses  in  Ohio,  Ohio  State  Univ. 
Experimental  Sta.  Bull.  29.  and  others. 

"  W.  H.  Vosknil,  The  Competitive  Position  of  Illinois  Coals  in  the 
Illinois  Coal-Market  Area;  111.  Geol.  Surv.  Bull.  63.  1936. 

Gilbert  Thies.sen,  Coke  from  Illinois  Coal,  111.  Geol.  Surv.  Bull.  64, 
1937. 

T.  W.  Guy,  Growth  of  Coal  Preparation  in  Smokeless  Fields  of  West 
Virginia,  Am.   Inst,  of  M.   &  M.   Engs.   Tech.   Paper  437,  1931. 

J.  R.  Campbell,  Mechanical  Preparation  of  Pocahontas  Coal,  Am. 
Inst.  M.  &  M.  Engs,  Tech.  Paper  363,  1930. 

J.  R.  Campbell,  Cleaning  Bituminous  Coal,  Am.  Inst.  M.  &  M. 
Engs.  Tech.  Paper  117,  1928. 

D.  R.  Mitchel,  Coal  Preparation  Problems  in  the  Illinois  Coal  Fields, 
Am.  Inst.  M.  &  M.  Engs.  Tech.  Paper  362,  1930. 
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failure  to  take  advantage  of  all  these  betterments 
should  logically  be  treated  as  wastage  and  are  so 
treated  in  this  discussion.  Thus,  in  mining  coal  for 
steel  making,  if  mining  be  confined  to  the  low  sulphur 
parts  of  the  bed,  while  coal  in  other  parts  of  the  bed 
suitable  for  steam  making  is  left  in  the  mine,  that  is 
clearly  wastage. 

Low  Cost  Mining 

The  ideal  low-cost  mine  would  be  one  serving  a  base- 
load  power  plant  immediately  over  the  coal  bed  to  be 
mined,  in  which  the  bed  has  a  uniform  thickness  of  6 
to  10  feet,  has  no  partings  or  binders,  has  imiformly 
low  sulphur  and  low  ash  throughout,  has  a  strong  roof 
and  a  firm  floor  that  does  not  weaken  when  wet,  has 
coal  lying  at  a  slight  depth  but  deep  enough  so  that 
mining  does  not  disturb  the  surface,  is  not  overlain  by 
rivers,  streams,  railroads,  or  heavy  buildings  under 
which  coal  must  be  left  for  support,  has  gentle  dips  to 
facilitate  haulage  and  drainage  and  has  impervious 
layers  in  the  upper  roof  to  prevent  the  influx  of  surface 
waters. 

High  Cost  of  Mining 

In  contrast  with  these  ideal  conditions,  the  physi- 
cal conditions  commonly  found  which  tend  to  increase 
the  cost  of  mining  or  transportation  and  which,  there- 
fore, tend  to  high  costs  and  to  the  loss  of  coal  in  the 
ground  may  be  cataloged  as  follows : 

Thin  and  overthick  coal.- — The  commonest  factor 
which  leads  to  leaving  coal  in  the  ground  is  thinness 
of  bed.  The  writer  once  estuuated  the  amount  of  coal 
of  several  thicknesses  in  a  given  area  (225  square 
miles)  .^  Tliis  estimate  showed  45  percent  of  the  beds 
less  than  2  feet  thick  (lower  limit  one  foot) ;  20 
percent  between  2  and  3  feet,  or  65  ^lercent  below  3 
feet;  26  percent  between  3  and  4  feet,  or  91  percent 
below  4  feet;  7  percent  between  4  and  5  feet,  and  2 
percent  over  5  feet  thick.  When  it  is  not  possible  to 
mine  coal  below  3  feet  thick  profitably,  65  percent  of 
the  coal  in  that  area  will  be  left  in  the  ground.  By 
contrast,  in  1903  coal  in  a  nearby  area  was  being  mined 
successfully  down  to  17  inches.  Obviously,  much  coal 
that  was  then  competible  later  became  noncompetible. 


» G.    H.    Ashley,    Topographic   and    Geologic  Atlas   of  Pennsylvania, 
A'o.  65,  Punxsutatcney  Quadrangle,  1926,  p.  127. 
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Remember  that  the  cost  of  miiiiiij^  a  2-foot  bed  of  coal 
is  almost  double  the  cost  of  mining  a  4-  or  5-foot  bed.* 
The  formula  for  value  according  to  thickness  used  by 
the  United  States  Department  of  the  Interior  in  valu- 
ing the  public  coal  lands  was  derived  by  the  inversion 
of  the  estimated  mining  cost  which  yielded  figures  as 
follows:  10  feet,  100;  8  feet,  96;  6  feet,  84;  4  feet,  64; 
2  feet,  36.'  As  a  result  of  these  cost  relations,  coal 
of  less  than  some  determined  thickness  is  left  unmined. 
If  areas  of  such  thin  coal  are  large  enough  to  warrant 
mining  at  some  future  time,  coal  left  in  the  gi'ound 
at  this  time  should  not  be  charged  to  wastage.  But 
thin  coal  left  in  the  ground,  of  such  limited  extent  or  in 
parcels  of  such  extent  and  shape  that  it  will  never  pay 
for  its  recovery,  must  be  charged  to  wastage. 

Of  larger  moment  than  thinner  parts  of  a  bed  left 
in  mining  are  thin  beds  that  might  be  mined  profitably 
in  conjunction  with  thicker  beds  if  the  price  realiza- 
tion was  a  little  higher,  but  which,  left  behind,  can 
only  be  mined  by  themselves  at  much  higher  cost,  to 
which  will  often  be  added  the  cost  of  dewatering  the 
areas  originally  mined  out.  As  a  result  much  such 
coal  will  never  be  mined.  The  extent  of  coal  left  in 
the  ground  may  be  indicated  by  a  single  example. 
Jefferson  County,  Pa.,  is  estimated  to  have  had  origi- 
nally 3,334,900,000  tons  of  coal  in  beds  of  18  inches  or 
better.  Up  to  1927,  279,400,000  tons  had  been  mined 
out  or  estimated  to  have  been  left  in  the  mines,  leaving 
3,055,500,000  tons  in  the  ground."  Yet  production  in 
this  county  has  declined  from  (5,474,764  tons  in  1903 
to  2,298,106  tons  in  1927,  not  because  of  any  depression 
but  because  of  gradual  exhaustion  of  the  most  compet- 
ible  coal  under  conditions  that  existed,  resulting  in 
ghost  towns  and  all  that  goes  with  such  a  decline  in 
business. 

In  England  and  Europe,  in  order  to  obtain  the 
greatest  possible  recovery  of  coal,  as  a  rule  all  beds  are 
mined  simultaneously,  even  down  to  8  inches,'  the 
higher  cost  of  mining  the  thin  beds  being  offset  by  the 
lower  cost  of  mining  the  thicker  beds.  Just  as  the  cost 
of  mining  thin  coal  increases  as  the  thickness  decreases, 
so  the  cost  of  mining  very  thick  coal  likewise  increases 
more  or  less  with  the  thickness.    This  is  due  to  the 


*H.  M.  Chance,  "The  Cost  of  Mining  Coal,"  Eng.  i  Mining  Jour., 
May  29,  1909,  pp.  1099-1101. 

'  G.  O.  Smith  ct  al.,  Classification  of  the  Public  Lands,  D.  S.  G.  S. 
Bull.  No.  537.  1913,  p.  84. 

•J.  F.  Reese  &  J.  D.  Sisler,  Bituminous  Coal  Fields  of  Pennsylvania, 
pt.  Ill,  "Coal  Resources,"  Geol.  Surv.,  Pa.,  Bull.  M-6,  pt.  Ill,  p.  109, 
1927. 

'  C.  A.  Fisher,  Depth  and  Minimum  Thickness  of  Coal  Beds  as 
Limiting  Factors  in  Valuation  of  Coal  Lands,  U.  S.  G.  S.  Bull.  424, 
p.  56,  1910. 


difficulties  of  handling,  of  timbering,  and  other  tech- 
nical elements.' 

Unmined  parts  of  beds. — One  of  the  largest  factors 
of  loss  in  present  day  mining  is  that  certain  benches  or 
other  sections  of  the  beds  are  left  in  the  mines.  Such 
benches  or  parts  of  beds  are  left  for  three  reasons : 

First,  several  inches  to  a  f(X)t  or  more  of  "roof  coal" 
may  be  left  to  support  the  roof  when  it  is  poor.  Most 
coal  beds  are  overlain  by  shale,  and  in  many  mines  this 
shale,  when  acted  upon  by  the  moisture  of  the  air, 
tends  to  fall,  either  in  thin  layers,  in  flakes,  or  en  masse, 
and  if  it  is  overlain  within  a  few  feet  by  sandstone,  the 
sliale  below  the  sandstone  not  infrequently  tends  to 
drop  down."  If  the  shale  that  tends  to  fall  is  of  lim- 
ited thickness,  it  may  be  taken  down  as  mining  pro- 
ceeds (draw  slate)  and  shoveled  into  worked  out  areas. 
If,  however,  it  is  thick  and  continues  to  fall  indefi- 
nitely, it  is  a  common  practice  to  leave  a  layer  of  coal 
immediately  under  the  roof  to  protect  the  roof  from 
the  action  of  the  air.  This  layer  may  be  only  a  few 
inches  thick,  often  depending  upon  the  presence  of  a 
smooth  parting  which  makes  the  coal  below  separate 
easily  from  the  coal  left.  This  coal,  if  left  in  the  mine, 
is  commonly  lost  or  wasted.  In  some  types  of  mining, 
it  may  be  left  as  mining  is  carried  forward  in  narrow 
rooms  and  then  recovered  in  the  retreat  mining. 

The  second  reason  for  leaving  benches  of  coal  is  that 
these  are  separated  from  the  bench  or  benches  being 
mined  by  partings  or  binders  of  clay,  shale,  or  other 
rock,  which  must  not  only  be  mined  but  separated  from 
the  commercial  coal  before  it  is  marketed.^"  If  the 
jjarting  is  not  tliick,  is  firm,  and  easily  separated,  it 
may  not  add  much  to  the  cost  of  mining  the  separated 
bench  of  coal.  If,  however,  the  parting  is  thick  in  rela- 
tion to  the  thickness  of  the  bencli  to  be  recovered,  or  is 
soft  so  that  it  tends  to  mix  with  the  mined  coal  fi'om 
which  it  can  be  separated  only  with  difficulty,  or  if  the 
parting  is  "burned"  to  the  coal,  so  that  it  is  very  dif- 
ficult to  separate  from  it,  the  presence  of  such  a  part- 
ing may  increase  the  cost  of  the  recovery  of  the  bench 
of  coal  above  or  below  the  part  being  mined  so  far 
above  the  sales  realization  price  as  to  prohibit  its  com- 
mercial recovery. 

The  third  reason  for  leaving  parts  of  beds  in  the 
mine  is  because  they  contain  impurities  or  other  unde- 
sirable characteristics  which  are  injurious  to  the  sale 
of,  or  lower  the  sales  price  of,  the  coal.    This  is  espe- 


'  Wm.  Carlton,  "Worljing  Thick  Coal  Seams  in  Two  Sections,"  Mines 
and  Minerals,  July  1902,  5.'')6  ;  October  1902,  p.  110. 

Coal  Age,  August  21,  1915,  p.  290. 

R.  W.  JlcOraw,  "Pillar  Extraction  in  Thick  Seams,"  Coal  Age, 
vol.  12,  p.  708,  1917. 

•  J.  D.  Sisler,  Bituminous  Coal  Losses,  Geol.  Surv.,  Pa.,  Bull.  M-4, 
pp.  67-68,  1924. 

"  G.  O.  Smith  et  al.,  op.  cit.,  pp.  70-71. 
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cially  true  wheie  coal  is  mined  for  special  use,  as  in 
steel  making,  or  where  the  uimiined  coal  because  of  im- 
purities or  other  undesirable  characteristics  would,  if 
mixed  with  the  rest  of  the  coal,  so  lower  its  quality  and 
value  as  to  make  it  unsaleable  or  saleable  only  at  a 
price  that  would  eliminate  profits.  This  source  of  loss 
is  most  frequent  in  the  bottom  coal. 

Pillar  losses. — Formerly,  in  nearly  all  mines  and  still 
in  many  mining  districts,  the  largest  source  of  loss 
comes  from  coal  left  in  pUlars  for  the  support  of  the 
roof  and  the  higher  strata. ^^  In  some  districts  where 
the  floor  is  soft  and  narrow  pillars  tend  to  produce 
squeeze  of  the  underclay  which  flows  out  into  the  rooms 
or  entries,  wide  pillars  must  be  left  to  protect  the 
inine.^^  Otherwise,  the  thickness  of  the  pillars  left  to 
support  the  roof  depends  upon  the  thickness  and  char- 
acter of  the  overlying  rocks  and  the  strength  of  the 
coal.  There  have  been  districts  in  which  half  or  more 
of  the  coal  has  been  left  in  the  mine  as  pillars.  ISIod- 
ern  mining  methods,  where  the  roof  is  suitable,  tend 
toward  long  wall  or  panel  systems.  In  the  panel  sys- 
tem, most  of  the  coal  is  recovered  in  retreat.  In  both 
long  wall  and  panel  systems,  the  roof  is  allowed  to  fall 
as  soon  as  the  coal  is  recovered,  and  the  overhead 
weight  is  transfererd  from  the  pillars  to  the  broken- 
down  roof  rocks. 

Added  to  room  and  pillar  losses  are  boundary  line 
pillars  or  pillars  left  on  the  boundaiy  lines  that  sep- 
arate one  mine  from  another,  which  may  be  in  opera- 
tion at  the  same  time  or  at  a  later  date.  The  purpose 
of  these  pillars  is  to  protect  the  approaching  working 
of  the  later  mine  from  water  or  gas  that  may  have 
accumulated  in  the  older  mine;  or  if  the  two  mines 
are  worked  simultaneously,  to  prevent  mine  waters  of 
one  mine  fi'om  being  unloaded  on  the  other.  AVliere 
both  mines  are  under  the  same  ownership  and  being 
worked  simultaneously,  no  barrier  pillar  may  be  neces- 
sary. In  some  States,  the  thickness  of  tlie  barrier 
pillar  is  set  by  law,  varying  with  the  thickness  of  the 
bed." 

Special  pillars. — In  addition  to  room,  entry  and 
boundary  pillars  there  is  usually  some  loss  of  coal 
in  pillars  around  oil  and  gas  wells,  under  streams, 
buildings,  railroads,  or  roads.  In  some  areas  these 
are  very  small  and  in   others,  as  in  the  anthracite 


'^  H.  N.  Eavenson,  "Regulation  of  the  Coal  Industry,"  Am.  Inst. 
M.  d  U.  Bngs.  Trans.,  vol.  119.  p.  383.  1036. 

G.  S.  Rice,  A.  C.  Fieldner  &  F.  G.  Tryon,  "Conservation  of  Coal 
Reserves,"  Third  World  Power  Conference,  Wash.,  D.  C,  sec.  IV,  paper 
11  (preprint),  pp.  19-20,  1936. 

J.  D.  Sisler,  "Economic  Aspects  of  Coal  Losses  in  Ohio,  Pennsylvania, 
and  West  Virginia,"  Am.  Inst.  M.  d  M.  Engs.  Trans.,  p.  201,  1931. 

"  G.  H.  Ashley,  "Coal  Deposits  of  Indiana,"  op.  cit.,  Indiana  Dept. 
of  Geol.  and  Nat.  Res.,  23d  Annual  Report,  1898,  pp.  1444-1446. 

"G.  H.  Ashley,  Barrier  Pillar  Legislation  in  Pennsylvania,  A.  I. 
M.  M.  E.,  Tech.  Paper  277,  Oass  F,  Coal  and  Coke,  No.  30. 


region  of  Pennsylvania,  they  are  very  large.  The  pur- 
pose of  heavy  pillars  around  oil  and  gas  wells  is  ob- 
viously to  support  the  strata  can-ying  the  well  pipes 
and  tubing  which,  if  the  strata  settle,  are  likely  to  be 
broken  and  flood  the  mine  with  oil  or  gas.  Also  such 
pillars  prevent  oil  or  gas  which  might  creep  up  outside 
the  well  from  entering  the  mines.  Pillars  under  build- 
ings or  other  structures  must  not  only  furnish  vertical 
support  but  must  allow  for  transverse  subsidence  ex- 
tending diagonally  from  the  edge  of  the  mined-out 
areas,  so  that  the  area  of  coal  required  to  be  left  may 
be  many  times  the  area  of  the  surface  to  be  supported. 
Under  such  circumstances,  it  may  be  possible  to  remove 
part  of  the  coal,  possibly  half  of  it,  the  coal  being 
removed  in  narrow  rooms  or  channels  so  as  to  leave 
ample  pillars  to  support  the  roof. 

Losses  in  Recovery,  Preparation 
and  Transportation 

Aside  from  the  coal  left  untouched  in  the  mines  and 
between  mining  areas,  in  some  districts  much  coal  is 
lost  in  mining,  preparation,  and  transportation.  Such 
losses  as  a  rule  are  entirely  preventable.  Among  the 
causes  of  loss  here  are:  (a)  Fine  coal  (bug  dust) 
formed  by  mining  machines  in  cutting  the  coal  or  in 
shot  firing,  which  may  not  be  recovered  but  left  on  the 
floor  or  shoveled  into  the  gob;  (b)  coal  sticking  to 
impurities  or  binders  left  in  the  mine  as  those  are 
thrown  into  the  gob;  (c)  coal  left  in  the  mine  where 
faulty  conditions  exist,  as  horse  backs  or  clay  veins; 
(d)  coal  left  under  or  above  cuts  made  by  machines 
which  do  not  cut  exactly  on  the  bottom  of  the  coal  or 
under  the  coal  or  under  the  roof;  (e)  coal  left  on  the 
bottom  due  to  inefficiency  of  mechanical  loading; 
(/)  overloading  mine  cars  with  subsequent  spilling 
and  loss  in  transit;  (g)  old,  leaky  mine  cars  which 
permit  losses  in  transit  or  coal  which  is  left  be- 
hind after  accidents  in  transit;  (h)  fine  coal  pro- 
duced in  crusliing  or  screening  which  becomes  mixed 
with  floor  earth  and  is  thus  lost;  (i)  coal  attached 
to  impurities  separated  in  cleaning  and  sent  to  the 
waste  pile;  (j)  coal  losses  in  railroad  transporta- 
tion, in  handlmg  in  wholesale  j'ards,  and  in  deliver- 
ing (these  losses  may  be  very  small  at  any  one  point 
but  may  sum  up  to  from  3  to  6  percent  of  the 
coal  mined);  (k)  premature  abandoimient  of  mines; 
(/)  small  umnined  areas  left  behind  squeezes,  roof 
falls,  or  other  hazards;^*  (m)  coal  gouged  out  by 
small  mines  opened  on  the  outcrop  and  mined  in  such 


^*  "Report  of  Planning  Committee  for  Mineral  Policy,"  National 
Resources  Board,  Report,  Dec.  1,  1934,  p.  401. 
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manner  as  to  prevent  subsequent  recovery  of  the  coal 
left." 

Special  Losses 

In  addition  to  the  above  general  sources  of  loss, 
local  conditions  may  lead  to  high  local  loss.  In  places, 
the  Coal  Measure  rocks  are  broken  by  faults,  with  an 
upthrow  or  downthrow  of  a  few  feet  or  hundreds  of 
feet,  and  part  or  all  of  such  displaced  coal  may  be  left 
in  the  mine.  Elsewhere,  there  are  small  areas  which 
may  be  isolated  between  old  sandstone  filled  channels 
cut  in  the  coal  just  after  it  was  deposited.  "Where  the 
roof  is  normally  shale,  it  may  be  replaced  locally  by 
sandstone  laid  down  in  channels  in  the  roof  shales, 
and  under  these  sandstone  roofs,  the  coal  may  tend 
to  be  crushed  or  be  high  in  sulphur  and  so  not  fit  for 
the  normal  market  for  the  coal  of  that  mine.  Or  the 
coal  may  have  been  subjected  to  horizontal  stress  and, 
in  places,  have  been  moved,  the  coal  being  crushed  by 
this  process  and  thickened,  thus  spoiling  it  for  the 
market  being  served  by  that  mine.'" 

Beds  Lost  Through  Undermining 

A  loss  that  is  seldom  taken  into  account  is  the  loss 
of  whole  beds  of  minable  coal  from  a  previous  mining 
of  thicker  beds  underlying  them  by  only  a  short  in- 
terval. Most  coal  fields  contain  many  beds  of  coal  in 
the  same  vertical  section,  often  a  score  or  more.  It  fre- 
quently happens  that  the  thickest  bed  and,  therefore, 
the  one  most  likely  to  be  mined  first  is  overlain  by  one 
or  more  other  beds  at  short  intervals.  These  beds,  if 
of  minable  thickness,  are  likely  to  be  so  broken  and 
crushed  by  the  settling  of  the  rocks  forming  the  roof 
of  the  thicker  bed  and  the  floor  of  the  thinner  bed 
that  the  overlying  thin  bed  cannot  be  recovered  at  all 
or  only  at  very  great  expense. 

Closely  related  to  these  is  the  loss  of  beds  that  might 
be  mined  with  financial  success  if  mined  at  the  same 
time  that  other  thicker  beds  are  being  mined  but  that 
would  not  pay  if  mined  by  themselves.  Thus,  in 
England,  beds  down  to  8  inches  thick  have  been  mined 
in  conjunction  with  the  mining  of  other  beds,  of  course 
only  when  and  where  the  sales  price  would  cover  the 
cost  of  mining  the  thinner  bed.  Wliere  two  or  more 
beds  are  worked  in  conjunction,  a  single  shaft  with  its 
hoisting  machinery  serves  both  of  the  beds  (or  all  of 
the  beds)  as  does  much  of  the  other  equipment  also. 
Likewise,  if  a  number  of  beds  are  to  be  worked  at  the 
same  time,  the  life  of  the  operation  may  be  largely  ex- 
tended, and  superintendents  and  other  salaried  services 


may  not  need  to  be  increased  for  the  mining  of  the 
several  beds  over  the  mining  of  one  bed." 

Coal  Lost  on  Account  of  Depth 

A  depth  of  GOO  feet  or  less  makes  little  difference  in 
mining  cost,  but  beyond  some  such  depth  as  that, 
greater  depth  begins  to  add  appreciably  to  the  cost  of 
mining  and  to  the  tendency  to  leave  coal  in  the  ground. 
The  added  cost  arises  from  (1)  longer  lift  for  coal  and 
water  which,  in  some  mines,  exceeds  the  weight  of  the 
coal  lifted;  "  (2)  heavier  timbering  necessary  at  gi'eater 
depth;  (3)  heavier  pillars  that  need  to  be  left  in  the 
mine,  especially  barrier  pillars;  (4)  greater  tendency 
of  the  coal  at  greater  depths  to  crack  and  spall  or 
crush  and  so  become  mixed  with  earth  and  rock;  (5) 
greater  hazards  to  miners  due  to  greater  pressure  upon 
the  coal  at  such  depths. 

In  some  mines,  these  increasing  costs  may  lead  to 
the  abandonment  of  the  deeper  coal,  and  as  the  mine 
is  likely  to  fill  up  with  water,  the  dewatering  of  the 
old  mine  is  added  to  the  other  expenses  that  might  pre- 
vent future  attempts  at  recovery  of  the  deejjer  coal, 
unless  the  quantity  of  coal  is  quite  large.  Very  little 
coal  mining  has  j'et  been  done  in  this  country  below 
a  depth  of  2,000  feet.  In  European  countries,  depths 
of  around  4,000  feet  have  been  reached.  In  England, 
2  to  6  feet  of  coal  is  mined  at  the  Kams  mine  of  the 
Pendleton  Colliery  at  Manchester  to  a  depth  of  3,483 
feet.  At  the  Birthday  mine  in  New  South  Wales, 
Australia,  a  3-foot  bed  is  being  mined  to  a  depth  of 
3,000  feet.  In  general,  conservation  measures  have 
been  carried  to  greater  extremes  in  Europe  and  other 
foreign  lands  than  in  America.  In  many  mines,  all 
of  the  beds  encountered  by  a  shaft  to  the  bottom  of  the 
coal  measures  are  mined  simultaneously. 

Lack  of  Continuous  Operation 

A  factor  that  is  generally  recognized  as  one  of  the 
largest  cost  factors  in  coal  mining  and,  therefore,  even- 
tually an  element  in  the  extent  to  which  the  higher- 
cost  coal  can  be  mined  is  instability  of  operation. 
There  are  several  costs  that  go  on  continuously, 
whether  the  mine  operates  or  not,  such  as  capital  costs, 
costs  of  salaried  emploj-ees,  costs  of  keeping  the  mine 
dewatered  and  even  keeping  it  ventilated  to  prevent 
action  of  air  on  the  roof,  and  tlie  cost  of  cleaning  up 
the  mine  after  even  a  few  daj-s  of  idleness.  These 
taken  together  and  applied  to  the  per  ton  cost  of  the 
coal  are  doubled  if  the  number  of  tons  of  coal  mined 
is  only  half  what  the  mine  would  produce  operating 
normally.    Therefore,  any  plans  which  may  contribute 
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toward  a  more  stable  operation  of  any  or  all  mines 
will  reduce  the  per  ton  cost  of  the  coal  and  to  that 
extent  permit  the  mining  of  high-cost  coal  that  must 
otherwise  be  left  in  the  mine  if  it  is  to  be  operated 
with  commercial  success. 

Prevention  of  Losses 

From  the  preceding  discussion,  it  appears  that  pre- 
ventable coal  losses  are  due  to — (1)  lack  of  proper 
methods  and  care  in  mining,  preparation,  and  trans- 
portation of  the  coal,  and  (2)  too  low  a  margin  be- 
tween the  total  cost  and  net  sales  realization,  which 
necessitates  leaving  high-cost-of-mining  coal  in  the 
mines  if  all  profit  is  not  to  be  wiped  out.  Kemember 
that  the  coal  industry  has  been  in  the  red  for  years.  In 
1928  the  net  deficit  was  $25,000,000.  In  1929,  a  boom 
year,  1,437  bituminous  coal  companies  reported  a  loss, 
and  the  industry  as  a  whole  ran  behmd  $11,000,000." 
Under  these  circumstances,  even  the  smallest  increase 
in  cost  adds  to  the  hardships  under  which  the  indus- 
try is  already  laboring,  unless  an  equal  burden  is  added 
to  competing  industries. 

Assuming  that  the  natural  laws  of  gravitation  and 
of  supply  and  demand  will  continue  in  the  future  as  in 
the  past  and  cannot  be  changed,  the  problem  before  us 
is  what  can  the  Government  do — or  undo  of  what  has 
been  done — in  order  to  help  the  coal  industry  prevent 
the  coal  losses  or  waste  at  present  prevailing?  It  can 
do  one  or  all  of  five  things:  (1)  Establish  laws  and  in- 
spection service  to  prevent  coal  wastage  and  promote 
conservation;  (2)  relieve  coal  of  any  unjust  burden  im- 
posed by  Goverimient  that  today  increases  the  cost  of 
production  and  so  leads  to  wastage;  (3)  equalize  the 
burden  that  must  be  borne  but  that  today  may  not  bear 
equally  on  the  coal  miners  of  different  areas  or  as  be- 
tween coal  miners  and  those  producing  other  sources 
of  heat  and  power;  (4)  control  the  opening  of  new 
mines  so  that  when  the  margin  of  profit  reaches  a 
point  where  a  larger  portion  of  the  coal  is  conserved, 
the  opening  of  unneeded  new  mines  may  not,  through 
increased  competition,  tend  to  destroy  that  margin; 
(5)  continue  its  scientific  study  of  the  problems  of  the 
coal  industry  as  related  to  coal  losses  and  their  pre- 
vention. 

Mining  Regulations  in  the 
Interest  of  Conservation 

All  of  the  coal  mining  States  today  have  laws  regu- 
lating the  mining  of  coal  in  the  interest  of  the  safety 
and  health  of  the  miners.  In  most  States,  these  laws 
have  long  been  in  force  and  have  become  accepted  as 
a  permanent  phase  of  the  coal  mining  industry.     In 


addition  to  these,  the  Federal  Government,  in  leasmg 
coal  on  Indian  lands  or  public  lands  of  the  west,  pro- 
vides in  the  interest  of  conservation  that  certain  rules 
must  be  followed  in  mining  coal  on  such  lands.'"' 
These  rules  are  necessarily  realistic;  that  is,  they  take 
account  of  existing  conditions  that  effect  sales  prices 
and  to  that  extent  determine  how  far  conservation 
efforts  can  go  without  wiping  out  profits.  These  ex- 
amples, therefore,  show  what  can  be  done  successfully. 
To  the  extent  that  such  regulations  may  increase  the 
cost  of  mining  and  thus  add  to  the  necessary  sales 
price,  and  so  decrease  the  margin  of  profit,  they  handi- 
cap the  marketing  of  coal  in  the  open  market  against 
the  competition  of  oil,  gas,  or  water  power.  Such  leg- 
islation should  therefore  be  undertaken  only  after  con- 
sideration of  all  the  factors  in  the  problem  and,  prefer- 
ably, in  connection  with  other  legislation  to  be 
suggested. 

Leveling  up  amerage  recovery. — The  first  and  sim- 
plest step  that  any  government  can  take  for  the 
conservation  of  its  soil  is  to  pass  laws  requiring  that 
all  mines  adapt  methods  in  accord  with  the  general 
practice  of  the  mines  having  the  best  records  of  recov- 
ery. This  might  have  three  effects:  (1)  It  would  in- 
crease the  recovery  at  some  mines  without  increasing 
the  cost;  (2)  it  might  increase  the  cost  of  mining  so 
that  some  small  companies  would  be  less  liable  to 
undersell  other  companies,  which  demoralizes  the  mar- 
ket price,  leading  the  other  companies  to  cut  their  costs 
by  leaving  more  coal  in  the  ground;  (3)  it  might  pre- 
vent the  opening  of  new  mines  or  lead  to  the  closing 
of  some  small  mines  operated  by  people  with  little  or 
no  capital  and  with  little  or  no  training  in  coal  mining. 
As  in  other  lines  of  business,  no  small  part  of  the  price 
difficulty  comes  from  underselling  by  small  producers 
and  from  shipments  of  unassigned  coal  which  is  likely 
to  become  distress  coal. 

Prohlems  of  general  increase  of  recovery. — ^When 
the  attempt  is  made  to  raise  the  recovery  practice  of 
the  larger  mines  of  a  district,  difficulty  may  be  encoun- 
tered in  that  the  physical  conditions  differ  so  much 
from  one  district  to  another  that  a  given  set  of  rules 
might  not  affect  one  district,  while  another  district 
would  be  25ut  out  of  business. 

Thus,  a  rule  that  where  there  are  two  beds  of  minable 
coal,  not  further  apart  than  ten  times  the  thickness  of 
the  upper  bed,  that  bed  must  be  mined  first,  would  not 
affect  the  district  in  which  there  was  only  one  minable 
bed  of  coal.  However,  if  such  a  rule  were  applied  in 
another  district  where  there  were  two  beds,  the  upper 
say  three  feet  thick  and  the  lower  five  feet  thick,  but 


"Sfo*i«Jic8  0/  Incnme:  U.   S.  Bureau  of  Internal  Revenue. 
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only  25  feet  apart,  and  the  upper  3-foot  bed  had  to  be 
mined  first,  the  realization  price  might  not  be  high 
enough  to  cover  the  average  cost  for  the  two  beds,  and 
the  district  be  put  out  of  business. 

Simultaneous  mining  of  two  beds  of  coal  a  short  dis- 
tance apart  is  often  followed,  mining  of  the  upper  bed 
keeping  a  little  in  advance  of  the  lower  bed  and  the 
coal  of  the  upper  bed  being  ramped  down  to  the  lower 
bed  t<)  be  moved  out  of  the  mine. 

Equalization  of  Coal  Taxes 

This  problem  should  be  studied  from  the  angle  of 
the  relative  burden  placed  by  Government  on  coal  min- 
ing as  between  different  areas — States,  counties,  or 
countries — and  as  between  coal  and  other  sources  of 
heat  and  power.  At  the  present  time,  coal  is  subject 
to  the  following  Goveriunent-imposed  cost  items:  (1) 
Land  taxes,  or  if  the  mineral  estate  has  been  separated, 
tax  on  the  estimated  value  of  the  coal  in  the  ground, 
(2)  the  cost  of  carrying  out  safety  measures  required 
by  law,  (3)  the  cost  of  carrying  workmen's  compensa- 
tion and  old  age  assessments,  (4)  a  sales  tax  on  coal  as 
sold  (not  universal),  (5)  job  insurance  taxes,  (6) 
assessments  for  the  conduct  of  the  Guffey  Act,  (7) 
Government  determined  railroad  and  shipping  rates. 
It  is  assumed  from  the  start  that  items  2  to  6  must 
continue  to  be  met,  and  while  they  are  a  subject  for 
study,  the  tendency  seems  to  be  toward  increasing  the 
cost  of  those  items,  rather  than  to  decreasing  it.  Items 
1  and  7,  however,  are  open  for  further  consideration. 

One  of  the  cardinal  principles  of  conservation  is  that 
it  is  wastage  to  use  a  less  abundant  or  more  valuable 
product  when  a  more  abundant  or  less  valuable  product 
is  available.  Comparing  oil  and  gas  and  coal,  there 
is  no  question  but  that  oil  and  gas  are  more  valuable 
and  less  abundant  than  coal.  Conservation,  therefore, 
in  the  broad  sense  should  encourage  the  use  of  coal 
wherever  possible  as  against  the  use  of  oil  and  gas, 
even  though  the  latter  may  be  more  convenient.  The 
question  has  been  raised  whether  in  matters  of  general 
taxation,  taxes  against  coal,  oil,  and  gas,  etc.,  should 
not  be  so  placed  as  to  favor  the  use  of  coal  rather  than 
the  reverse,  and  of  low-rank  or  grade  coal  over  higher- 
grade  coal. 

At  present,  coal  lands  or  coal  in  the  ground  where 
the  surface  and  mineral  estates  have  been  separated 
are  subject  to  county  and  other  taxes  along  with  all 
other  real  estate.  Oil  and  gas,  because  of  the  uncer- 
tainties involved,  usually  are  not  so  taxed.  In  some 
areas  a  severance  tax,  in  lieu  of  land  taxes,  is  applied 
to  oil  and  gas  at  the  time  they  are  recovered.  No 
logical  objection  could  be  raised  to  either  of  these  pro- 
ceedings provided  the  taxes  so  laid  are  uniform  and 
fair  as  between  one  area  and  another,  or  between  one 


fuel  and  anothei*.  As  matters  stand,  assessments  often 
vary  on  the  same  bed  of  coal  from  one  county  to  an- 
other and  from  one  State  to  another;  and  assessments 
as  between  coal  and  oil  may  take  little  or  no  account 
of  their  relative  value.  Seldom  do  assessments  take 
account  of  the  factors  that  determine  the  value  of  coal 
lands  when  sold  voluntarily  between  informed  persons 
or  corporations. 

As  a  rule  such  sales  involve  only  the  best  coal  lands, 
sn  situated  that  the  coal  can  be  mined  in  the  near 
future.  To  apply  such  sales  prices  as  a  basis  of  assess- 
ments on  coal  in  general,  without  allowing  for  the 
physical  circumstances  that  may  prevail,  as  when  no 
coal  will  be  mined  from  certain  lands  for  a  long  time, 
is  likely  to  result  in  excessive  capital  cost  for  the  coal 
when  mined.  The  payment  of  such  taxes  yearly,  re- 
gardless of  how  much  coal  is  mined,  or  if  none  at  all 
is  mined,  puts  a  burden  on  the  operators  that  is  too 
often  met  by  leaving  high-cost-of-mining  coal  under 
ground. 

It  has  long  been  held  that  a  fairer  way  to  tax  coal 
is  to  levy  a  severance  tax  to  be  paid  when  the  coal  is 
recovered.  If  such  a  tax  is  laid  on  all  coal,  oil,  and  gas 
as  removed  from  the  ground,  and  if  at  the  same  time 
the  tax  be  on  a  sliding  scale  inversely  proportional  to 
the  use  value  of  the  coal,  oil,  or  gas,  tax  burdens  would 
not  penalize  one  product  over  another  or  one  area  over 
another. 

It  is  therefore  recommended  that  efforts  be  made  to 
substitute  a  severance  tax  on  oil,  gas,  and  coal  for  the 
present  state  and  county  taxes,  to  be  so  graded  as  to 
represent  as  nearly  as  possible  an  equal  tax,  based  on 
a  fair  average  net  realization  for  any  district.  To  ac- 
complish such  a  change  in  the  method  of  taxation  and 
to  carry  it  out  after  the  charge  is  made  would  seem  to 
demand  in  interstate  compact  to  be  approved  by  Con- 
gress under  act  1,  section  10,  part  3,  of  the  Constitu- 
tion of  the  United  States. 

Legislation  to  inclvde  oil  and  gas. — Legislation  to 
be  effective  without  so  handicapping  the  coal  indus- 
try as  to  put  it  out  of  business  must  take  into  account 
all  of  the  factors  involved,  including  the  possible 
changing  of  laws  or  practices  affecting  the  production 
of  competing  fuels  and  water  power. 

As  part  of  a  general  plan,  the  State  might  be  justi- 
fied in  putting  special  taxes  on  oil  and  gas  now  used  as 
fuel,  first,  to  conserve  those  fuels  by  reducing  their  fuel 
use  in  view  of  their  wider  adaptability  than  coal  to 
many  other  uses  and  their  lesser  amount ;  and  second, 
to  permit  coal  to  sell  at  a  price  that  will  cover  the 
higher  oost  of  mining  the  coal  more  thoroughly.  Or, 
if  the  taxes  derived  from  oil  and  gas  used  as  fuel  were 
used  as  a  bonus  to  cover  the  greater  cost  of  the  higher 
recovery  of  coal,  the  general  price  of  coal  would  not 
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need  to  be  so  high  as  above  suggested,  nor  the  taxes  on 
the  oil  and  gas  so  high,  in  order  to  secure  a  high  coal 
recovery.  Such  a  plan  would  have  a  third  advantage. 
If  the  price  of  coal  is  raised  uniformly,  some  mines, 
having  naturally  favorably  conditions  both  for  low- 
cost  mining  and  the  percentage  of  recovery,  might  have 
foo  high  a  margin  of  profit  at  the  expense  of  every- 
body. The  bonus  plan  for  the  high  cost  of  mining  (at 
the  expense  of  oil  and  gas  users)  would  finance  the 
higher  cost  of  a  larger  recovery  without  boosting  the 
price  on  either  coal,  oil,  or  gas  as  much  as  under  the 
first  plan. 

Public  Ownership  of  Coal  as  a  Conservation  Policy 

Many  people  have  felt  that  the  coal,  oil,  and  gas 
deposits  of  a  State  should  belong  to  the  State,  which 
would  then  lease  them  to  individuals  and  companies 
for  mining  operations.  There  have  been  five  principal 
reasons  advanced  for  this  policy." 

1.  The  holding  of  large  areas  of  reserve  coal  lands 
for  future  mining  is  a  X)ractice  almost  miiversally  fol- 
lowed by  the  larger  and  stronger  companies,  and  it 
involves  a  very  large  capital  cost  in  both  interest  and 
taxes  which  must  be  assessed  against  the  coal  as  mined 
and,  therefore,  results  in  less  conservative  methods  of 
mining.  Since  the  State  can,  as  a  rule,  bon-ow  money 
at  much  lower  rates  than  any  individual  or  company, 
the  State  can  carry  such  a  burden  more  easily  than 
anyone  else,  thus  relieving  the  industry  of  a  large  item 
of  ex^jense  that  today  must  be  added  to  the  cost  of 
mining  coal  and,  to  that  extent,  effecting  the  amount 
of  coal-mining  losses. 

2.  If  the  uimiined  deposits  of  coal,  oil,  and  gas  are 
in  possession  of  the  State  govermnent,  it  can  more 
readily  control  the  methods  of  mining  in  the  interest 
of  conservation,  especially  in  refusing  to  license  new 
mines  when  such  new  mines  are  not  needed  and,  if 
opened,  would  tend  to  upset  satisfactory  margins  of 
profit  when  once  attained. 

3.  There  has  long  been  a  widespread  belief  that  the 
State,  rather  than  a  few  individuals,  should  profit  from 
any  increase  in  the  value  of  the  State's  natural  re- 
sources, especially  its  mineral  reserves  which  are  of 
limited  extent  and  once  exhausted,  stay  exhausted. 

4.  One  of  the  strongest  arguments  in  favor  of  pub- 
lic ownership  of  coal,  oil,  and  gas  lands  at  present  is 
the  large  obstacle  to  efficient  mining  encountered  in 
diverse  ownership  of  the  coal,  except  where  it  is  pos- 
sible for  one  company  to  get  complete  control  of  a 
deposit  to  the  limits  naturally  favorable  to  unit  mining 


^  Frank   Haas,   "Stabilization  of  Credit  and   Operation  of  the  Coal 
Industry,"  Mining  <£  Metallurgy,  p.  81,  1936. 
Geo.  S.  Rice:  Mining  d  Metallurgy,  p.  102,  1931. 
Senate  biU  1417.  74th  Cong.,  1st  sess.,  January  21,  1935. 


operation.  Where  the  coal  is  owned  as  a  unit,  it  is 
possible  to  lay  out  mining  areas  to  the  greatest  advan- 
tage, so  as  to  avoid  large  coal  losses  from  barrier  pil- 
lars, from  irregular  land  corners,  etc.  Again,  it  is 
usually  true  that  mining  losses  are  higher  in  smaller 
operations  than  in  larger  ones,  ranging  from  the  coun- 
try bank  operator  who  gouges  out  his  coal  from  the 
outcrop  for  his  own  and  his  neighbors'  use  without  any 
plan,  to  the  large  companies  who  pre-plan  all  their 
operations  and  carry  them  forward  under  adequate 
supervision. 

5.  Wliere  the  title  of  all  of  the  coal  is  in  the  Gov- 
ernment, it  is  conceivable  that  the  Government  would 
step  in  to  meet  certain  extraordinary  expenses,  in  order 
to  realize  on  its  investment,  and  to  secure  as  much  of 
its  resources  as  possible.  Thus,  in  one  district,  a  large 
or  long  drainage  tunnel  might  be  necessary  or  desirable 
to  recover  all  of  the  coal,  but  the  initial  cost  of  such 
a  drainage  tunnel  might  be  beyond  the  resources  of  any 
or  all  of  the  companies  operating  in  that  district  at 
the  time  or  in  the  future.  If  mines  were  flooded  by  a 
greater  than  normal  flood,  it  would  be  a  good  reason 
for  the  State  to  step  in  and  pump  out  the  mines,  not 
only  to  recover  the  value  of  its  latent  resources  but  to 
f)Ut  or  keep  men  at  work  and  the  industry  going. 

The  proposal  is  presented  without  comment,  except 
to  note  that  such  a  plan,  if  carried  out,  would  greatly 
strengthen  the  State's  hands  in  its  attempt  to  conserve 
its  fuel  resources.  The  method  usually  proposed  for 
putting  such  a  program  into  operation  involves  a  small 
tonnage  tax  on  the  coal  as  mined.  Such  a  proposal  is 
not  new  and,  as  shown  on  previous  efforts  to  pass  such 
legislation,  gives  rise  to  many  objections.  The  point 
should  be  stressed  that  if  the  coal  industry  is  relieved  of 
part  of  the  cost  of  carrying  large  future  reserves,  it  will 
be  in  a  better  position  to  accept  some  increased  costs 
in  the  interest  of  conservation.  That  is  especially  true 
if  the  plan  is  made  universal  and  the  tax  handicap 
between  one  area  and  another  is  leveled  off. 

Technology  of  Conservation  in  Mining 

Assuming  that  through  whatever  means  may  be  em- 
ployed, adequate  returns  on  mined  coal  have  been  pro- 
vided, what  is  necessary  to  secure  as  nearly  complete 
recovery  of  the  coal  in  the  gi-ound  as  possible? 

1.  Adequate  capital.  Inadequate  capital  is  one  source 
of  coal  losses.  High-recovery  minmg,  preparation,  and 
distribution  usually  involve  a  large  initial  capital  in- 
vestment. If  all  beds  are  to  be  worked  sunultaneously 
the  whole  series  may  have  to  be  shafted  through  at  the 
start,  or  shafting  may  be  extended  as  mining  pro- 
gresses. Again,  if  retreat  muiing  is  planned,  haulage 
ways  should  be  extended  to  the  coal  boundaries  before 
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mining  begins,  adding  to  the  initial  outlay.    Adequate 
prospecting  and  planning  cost  money. 

2.  Adequate  knowledge  of  field.  Adequate  knowl- 
edge of  the  fiekl  is  necessary  if  future  mining  is  to 
be  adequately  planned.  It  is  often  customary  today  to 
drill  only  to  the  one  bed  which  it  is  plannetl  to  mine. 
In  the  interest  of  conservation,  there  shoukl  be  equal 
knowledge  of  all  beds. 

3.  Adequate  planning.  Adequate  planning  should 
take  account  of  and  plan  for  the  recovery  of  all  coal 
under  the  ground,  even  though  much  of  the  coal  may 
not  be  reached  for  a  long  time.  Under  the  conditions 
here  assumed  as  to  adequate  profits,  plans  shoukl  be 
made — if  not  for  the  simultaneous  mining  of  the  coal — 
for  mining  groups  of  beds  from  the  top  downwai'd 
so  that,  as  in  Europe,  the  low  cost  of  mining  the  thicker 
beds  will  compensate  for  the  higher  cost  of  mining 
the  thinner  beds.  It  may  be  that  such  plans  cannot 
be  put  into  practice  until  the  decline  in  the  reserves 
of  oil  and  gas  removes  competition  from  that  source. 
Initial  plans  should  cover  not  only  the  removal  of 
the  coal,  but  water  removal  and  other  factors.  In  Eng- 
lish mines,  som6  of  which  extend  to  great  depths,  ])ro- 
vision  is  made  for  the  accumulation  and  removal  of  as 
much  of  the  water  as  possible  at  the  highest  possible 
level.  If  such  plans  are  made  and  carried  out,  one 
large  item  of  expense  for  deep  mining  may  be  avoided 
or  greatly  lessened.  Adequate  planning  involves  ade- 
quate engineering  knowledge  and  service. 

4.  Adequate  area.  It  is  possible  to  conceive  of  min- 
ing being  undertaken  in  an  area  so  narrow  or  otherwise 
limited  that  half  of  the  coal  must,  inuler  the  law,  be 
left  in  barrier  pillars.  Again,  it  may  cost  as  much 
to  sink  a  oOO-foot  shaft  to  mine  out  200  acres  of  land 
as  to  mine  out  2,000  acres,  but  the  charge  against  the 
coal  is  ten  times  as  much  in  the  first  instance  as  in  the 
second.  This  is  also  true  of  other  costs.  On  the  other 
hand,  as  a  mine  is  extended,  it  reaches  a  point  where 
increased  cost  of  liaulage,  ventilation,  transportation 
of  men  and  materials  jjoint  to  the  opening  of  a  new 
mine  from  which  the  coal  beyond  is  to  be  reached,  as 
more  efficient  than  extending  the  old  mine.  In  the 
interest  of  conservation,  the  area  mined  at  the  opening 
should,  when  possible,  be  large  enough  to  warrant  tin; 
necessary  initial  expenditures  and  operating  costs, 
without  being  so  large  that  the  carrying  charges  on 
reserve  coal  would  offset  the  other  savings. 

5.  It  is  not  possible  to  lay  down  hard  and  fast  rules 
as  to  what  method  of  mining  is  best  for  any  area.  Dif- 
ferences of  roof,  floor,  bed  section,  selective  mining  of 
benches,  or  other  factors  may  determine  what  is  the 
best  method  for  a  particular  bed,  or  even  part  of  a 
bed.  It  is  assumed  that  where  feasible  stripping  will 
be  employed.      That  yields,  tlieoictically,  100  percent 


rtcovery.  Steeply  dipping  beds  require  different 
methods  than  level-lying  beds.  The  introduction  of 
new  equipment  may  lead  to  new  methods  more  efficient 
than  the  okl.  The  main  point  is  that  with  adefjuate 
engineering  and  technical  service  the  best  available 
method  bo  atlopted  and  adhered  to,  subject  to  change 
if  conditions  change. 

G.  A  practice  that  helps  where  applied  is  to  charge 
royalty,  not  on  the  tonnage  recovered,  but  on  the  origi- 
nal tonnage  in  the  bed;  payment  being  made  on  the 
estimated  tonnage  per  acre  mined  out.  Other  pen- 
alties for  coal  left  in  the  bed  that  reasonably  should 
be  recovered  would  make  its  recovery  more  likely. 

Transportation 

A  final  factor  over  which  Govermnent  has  some 
measure  of  control  is  that  of  transportation  costs. 
I'rice  competition  between  coal,  oil,  and  gas  is  at  the 
point  of  consumption.  If,  as  is  often  true,  freight 
charges  on  coal  exceed  mining  costs,  they  certainly  de- 
serve careful  consideration  as  a  factor  in  conservation. 
In  1897  the  writer  made  a  study  of  the  economic  possi- 
bilities of  transporting,  from  the  coal  fields  to  the  points 
of  consumption,  energy  from  coal  in  the  form  of  gas 
made  at  the  mine."  Without  going  into  details,  as 
rail  transportation  of  coal  averaged  at  that  time  about 
one-half  cent  per  ton-mile,  it  appeared  that,  at  that 
rate,  rail  transportation  was  cheaper  than  piping  the 
same  energy  as  gas.  With  the  changes  of  the  last  40 
years,  the  relative  costs  may  be  different  today.  Great 
]ii'ogress  has  been  made  in  electrical  transmission  of 
energy,  but  such  transmission  still  suffers  from  the  low 
efficiency  of  the  steam  engine.  For  short  distances,  a 
few  miles,  rubber  belts  are  being  used  successfully. 
Truck  haulage  has  i-eplaced  considerable  railroad 
transportation,  though  opinions  differ  as  to  the  rela- 
tive cost  for  different  distances.  Many  coal  men  be- 
lieve that  considering  that  coal  is  commonly  delivered 
to  the  railroad  and  taken  away,  often  in  trainloads, 
without  charge  for  loading  or  luiloading.  the  rates 
charged  are  out  of  line  with  charges  for  other  kinds 
of  freight.  Such  questions  only  add  to  the  need  for 
study  of  the  whole  matter,  which  is  of  vital  importance 
in  a  program  for  better  conservation  of  coal. 

In  the  meantime,  considerable  progress  has  been 
made  in  short  circuiting  the  transportation  problem 
by  bringing  power  and  industrial  plants  to  the  coal 
mines.  Assuming  that  part  of  the  saving  can  be  used 
to  meet  the  higher  cost  of  more  complete  recovery, 
such  a  bringing  together  of  fuel  and  jjower  needs 
should  1,10  a  measurable  factor  in  securing  a  larger 
recovery  of  coal. 


^  O.  H.  Ashley,  "Coal  Deposits  of  Imliana."  np.  ril..  pj).  l.").")2,  etc. 


PART    THREE  — SECTION    II 
PHASES    OF   TECHNOLOGY   IN    THE   PETROLEUM    INDUSTRY 

By  R.  A.  Cattell,^  H.  C.  Fowler,'  and  A.  J.  Kraemer ' 


•  The  progress  of  the  petroleum  industry,  broadly  in- 
cluding the  natural-gas  industry,  depends  upon  the 
feasibility  of  its  technical  procedure.  Every  depart- 
ment, from  exploration  for  new  sources  of  supply  to 
distribution  of  products  for  final  use,  has  shared  in 
the  benefits  of  evolutionary  attainments.  The  forces 
stimulating  advancement  and  the  economic  significance 
of  various  developments  and  improvements  have  been 
treated  in  an  earlier  section.*  Accordingly,  this  dis- 
cussion is  limited  to  brief  sketches  of  some  of  the 
more  important  developments  in  methods  and  processes 
now  used  by  the  petroleum  industry. 

Exploration 

No  longer  is  dependence  placed  entirely  upon  surface 
indications,  such  as  oil  seepages  and  bubbling  gas,  to 
suggest  likely  places  to  drill  in  search  of  possible  un- 
derlying oil-bearing  formations.  The  science  of  petro- 
leum exploration  had  a  difficult  beginning.  Although 
Wliite,^  in  June  1882,  "discovered  anew  the  neglected 
and  forgotten  'anticlinal  theory'  of  Hunt,  Andrews, 
and  Hoeffer,  which  he  vitalized  and  regenerated  for 
all  time"  and  later  published  his  thesis  in  Science  for 
June  26,  1885,  it  was  after  1900  that  the  industry 
finally  began  to  look  upon  geology  as  a  definite  aid  in 
finding  oil.* 

However,  during  that  interim  the  geologists  them- 
selves were  carefully  acquiring  knowledge  of  struc- 
tures and  deformations  in  the  earth's  crust.  Instru- 
ments such  as  the  plane  table  and  alidade  (a  com- 
bination of  surveymg  transit  and  drafting  device  used 
for  mapping  in  the  field)  were  of  great  aid  in  deter- 
mining the  positions  of  "marker"  or  "key"  beds  exposed 
at  the  surface.     These  and  auxiliary  equipment  con- 


'  Chief  Engineer,  Petroleum  and  Natural  Gas  Division,  Bureau  ol 
Mines. 

'  Senior  Petroleum  Engineer,  Petroleum  and  Natural  Gas  Division, 
Bureau  of  Mines. 

"  Senior  Refinery  Engineer,  Petroleum  and  Natural  Gas  Division, 
Bure.au  of  Mines. 

*  Pt.  one,  sec.  II,  ch.  3. 

5  White.  I.  C,  "Important  Epochs  in  the  History  ot  Petroleum  and 
Natural  Gas"  (presidential  address  before  the  Geological  Society  of 
America,  December  28,  1920),  Bull.,  Oeol.  Soc.  Am.,  vol.  32,  March  31, 
1921,  pp.  171-186. 

'  White,  David,  "Some  Outstanding  Features  of  Oil-Field  Development 
in  the  United  States,  1859-1934,"  printed  as  sec.  6  of  "A  Resume  of 
Geology  and  Occurrence  of  Petroleum  in  the  United  States  by  the 
United  States  Geological  Survey  ;"  Hearings  Before  a  Subcommittee  of 
the  Committee  on  Interstate  and  Foreign  Commerce,  House  of  Repre- 
sentatives, on  B.  Res.  Ul,  Petroleum  Investigation,  19Si,  pt.  2,  pp. 
884-895. 
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tinue  to  be  used  in  mapping  surface  geology.  Follow- 
ing the  lead  of  the  United  States  Geological  Survey, 
geologists  soon  recognized  the  advantages  of  showing 
domes,  anticlines,  and  other  geological  features  on 
maps  by  means  of  structure  contours. 

Ambrose "  clearly  marked  certain  limitations  in  cor- 
relating surface  and  underground  geology  when  he  said 
in  part: 

The  areal  structure  map  serves  as  a  valuable  guide  in  pre- 
dicting the  attitude  of  the  underground  beds.  E.xperience  is 
showing  more  and  more,  however,  that  in  flat-lying  formations 
there  is  likely  to  be  enough  difference  in  the  structure  of 
various  horizons  to  malie  inferences  based  on  the  structure  of 
the  surface  or  even  of  another  horizon  unsafe. 

With  this  fact  in  mind,  petroleum  engineers  and  geolo- 
gists were  attempting  to  correlate  underground  forma- 
tions on  the  basis  of  well  logs,  and  by  1920  various 
kinds  of  cross-sections,  sub-surface-contour  maps,  and 
I^eg-models  in  three  dimensions  were  being  used  exten- 
sively in  attempts  to  gain  a  better  understanding  of 
conditions  underground.  However,  drilling  logs  fre- 
quently were  found  to  be  in  error  because  bit  cuttings 
could  not  be  identified  accurately  on  the  derrick  floor, 
and  today  geologic  logs  made  with  the  aid  of  micro- 
paleontology  largely  have  supplanted  the  logs  based  on 
information  supiDlied  by  drillers. 

As  more  and  more  wells  were  drilled  by  the  rotary 
method,  it  became  evident  that  the  "returns"  of  the 
circulating  mud  fluid  failed  to  give  adequate  formation 
specimens  for  study.  Even  the  samples  obtained  with 
the  bailer  in  cable-tool  drilling  were  unsatisfactory  for 
the  more  exact  examinations  of  the  geologists  and  pale- 
ontologists. Increasing  attention  was  given  to  careful 
coring  to  obtain  samples  of  the  rocks  in  a  condition  as 
nearly  as  possible  like  that  in  which  they  existed  before 
being  disturbed.  This  led  to  taking  cores  ahead  of  the 
drill  with  specially  constructed  core  barrels. 

In  some  areas  the  diamond  drill  has  been  used  to 
determine  the  position  of  "marker"  beds,  and  less  fre- 
quently holes  having  diameters  of  4  to  8  inches  have 
been  cored  from  surface  to  bottom,  but  no  very  deep 
oil  wells  have  been  bored  with  the  diamond  drill. ^ 


^Ambrose,  A.  W.,  Underground  Conditions  in  Oil  Fields,  Bull.  195, 
Bureau  of  Mines,  1921,  p.  67. 

^  Edson,  Frank  A.,  Dia7nond  Drilling  with  Special  Reference  to  Oil- 
firld  Prospecting  and  Development,  Bull.  243,  Bureau  of  Mines.  1926, 
170  pp. 
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Coring  and  subsequent  examination  of  the  speci- 
mens are  adjuncts  of  both  the  exploratory  and  extrac- 
tive branches  of  the  industry,  and  geologists  and 
production  engineers  are  ecjualiy  concerned  with  the 
information  that  the  various  analyses  of  the  core  sam- 
ples reveal — but  for  somewhat  different  reasons.  Some 
of  the  first  core  barrels  used  in  wells  drilled  by  the 
rotary  method  in  soft  formations  were  improvised  from 
sections  of  pipe  with  teeth  cut  in  the  lower  end  with  a 
hack  saw  or  cutting  torch.  After  this  crude  barrel 
attached  to  the  drill  pipe  was  rotated  slowly  at  the 
bottom  of  the  hole,  an  increased  weight  of  the  drill 
pipe  caused  the  teetli  to  be  crimj^jed,  making  a  "basket" 
or  core  catcher,  and  the  specimen  was  removed.  Cores 
taken  in  this  manner  were  not  entirely  satisfactory  and 
were  likely  to  be  burned  by  heat  generated  by  friction. 

Many  improved  designs  of  core  barrels  soon  came 
into  wide  use,  and  today  cores  are  taken  in  the  hardest 
sedimentary  formations  and  even  in  igneous  rock.  Spe- 
cial bits  have  been  designed  that  mill  the  rock  and 
leave  a  solid  core  in  the  center.  Cores  are  kept  in  good 
condition  with  maximum  recovery  by  circulating  the 
drilling  fluid  between  the  outer  barrel  and  an  inner 
barrel  which  retains  the  core.  Some  coring  devices  are 
constructed  to  permit  removal  of  the  core  barrel  and 
its  retained  core  through  the  drill  pipe  with  a  wire  line. 
This  type  of  operation  reduces  the  time  required  to  take 
a  core,  because  the  drill  pipe  need  not  be  removed  from 
the  hole. 

Other  coring  devices  take  samples  of  the  formation 
on  the  side  of  the  hole,  either  parallel  to  or  at  an  angle 
■with  the  bedding  plane  of  stratified  rocks.  Surveying 
instruments  have  been  devised  that  permit  cores  to  be 
oriented  and  their  exact  positions  determined  with  re- 
spect to  the  formations  fi'om  which  they  were  taken. 
One  type  of  coring  device  (known  as  a  '"biscuit  cutter"' 
because  of  the  size  and  shape  of  the  specimens)  has 
been  used  extensively  in  regions  still  drilled  with  cable 
tools.  Although  100  percent  of  the  core  is  not  ob- 
tained in  perfect  condition,  these  specimens  give  a 
great  deal  more  material  with  which  to  work  than  the 
crushed  cuttings  of  the  percussion  bit. 

In  a  research  project  undertaken  by  the  Federal 
Bureau  of  Mines,  in  cooperation  with  the  American 
Petroleum  Institute,  the  objective  is  to  develop  a  core 
barrel  that  will  take  a  sample  of  rock  with  its  contained 
fluid  from  the  formation  at  the  bottom  of  a  well  and 
bring  it  to  the  surface  without  loss  of  pressure  or  con- 
tamination from  the  drilling  fluid.  Engineers  and  geol- 
ogists believe  that  the  use  of  such  a  device  will  result 
in  a  much  wider  knowledge  of  fluids  (oil,  gas,  and 
water)  in  reservoir  rocks. 

The  most  radical  change  that  has  come  about  in 
exploring  for  oil  and  gas  deposits  has  resulted  from 


the  introduction  of  instruments  and  methods  used  by 
phj'sicists  and  seismologists  in  studying  earthquakes. 
Their  technology  had  to  be  modified  and  improved  to 
meet  field  conditions.  Although  artificially  excited 
elastic  earth  waves  were  applied  to  some  extent  in 
determining  local  geologic  structures  as  early  as  1913, 
it  was  not  until  1921-1923  that  the  fieldworthiness  of 
these  instruments  justified  their  practical  use  as  an  aid 
in  petroleum  exploration."  Despite  the  evolutionary 
effects  of  applied  geophysical  methods  of  oil  and  gas 
exploration,  the  science  is  imperfect,  and  interpretation 
of  the  results  depends  upon  theory  which  is  incom- 
plete.^" 

Unfortunately,  paralleling  this  view  held  by  those 
well  versed  in  the  subject  is  a  too  prevalent  optimism 
on  the  part  of  many  persons  who  have  had  no  occa- 
sion nor  opportunity  to  become  informed  on  the  sub- 
ject of  seismic  and  other  geophysical  principles.  These 
persons  fail  to  differentiate  between  well-founded 
scientific  methods  of  exploration  and  other  piu'ported 
ways  of  oil  finding  that  seem  to  require  some  meta- 
physical or  similar  influence.  In  this  category  may 
be  mentioned  divining  rods  and  kindred  devices,  some 
of  which  have  the  appearance  of  complicated  mechan- 
nisms.  No  attempt  is  made  in  this  paper  to  describe 
the  equipment  used  in  geophysical  prospecting.  The 
point  to  be  kept  in  mind  is  that  each  method,  requir- 
ing its  own  special  apparatus,  is  based  upon  well-estab- 
lished physical  principles;  that  the  results  are  an  aid 
to,  rather  than  a  replacement  of,  interpretations  based 
upon  geological  evidence;  and  that  these  instruments 
and  methods  are  useless  and  obscure  to  those  who  have 
no  foundation  in  the  science  and  only  vaguely  appre- 
ciate the  objectives. 

Seismic  methods  used  to  determine  the  position  and 
shape  of  underground  structures  where  oil  and  gas 
may  have  been  trapped  during  geologic  time  are  em- 
ploj'ed  more  widely  than  any  of  the  other  recognized 
methods  of  geophysical  prospecting.  Until  about  1926 
the  refraction  type  of  seismograph  was  used  almost 
entirely.  In  this  method  scientific  use  is  made  of  the 
fact  that  seismic  or  earth  waves  caused  by  a  charge 
of  explosive  detonated  at  or  near  the  surface  will  travel 
with  greater  speed  through  dense  rocks  (such  as  those 
composing  salt  domes)  than  through  the  surface  for- 
mations between  the  blast  and  the  recording  device. 

The  less  expensive  reflection  mellicxl  of  recording  and 
interpreting  artificial  seismic  waves  now  is  used  by  vir- 


•  Barton,  Donald  C,  "The  Seismic  Method  of  Mapping  Geologic  Struc- 
tures," Geophysical  Prospecting,  JSZ9,  Amor.  Inst.  Miii.  and  Met.  Engrs., 
pp.  572-624, 

""  Hcald,  K.  C,  "The  Technique  of  Exploration,"  Tcclinology  and  the 
Mineral  Indttfttries,  WorIvS  Progress  Administration,  National  Research 
Project  In  cooperation  with  the  Bureau  of  Mines ;  Mineral  Technology 
and   Output-per-Man   Studies,   Report   No.   E-1,   April   1937,   p.   8. 
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tually  all  companies.  In  the  reflection  method  the 
depth  and  configuration  of  deeply  buried  beds  are  de- 
termined from  records  of  waves  that  originate  at  the 
blast  and  are  reflected  back  to  the  surface,  similar  to 
the  echoes  that  result  from  reflection  of  sound  waves. 

In  recent  years  seismic  methods  of  exploration  have 
been  applied  to  submerged  areas  where  evidences  of 
surface  geology  ai-e  meager  or  entirely  lacking;  thus 
a  wide  field  for  exploratory  work  has  been  opened 
throughout  the  Gulf  coast  area,  where  tidal  waters 
and  tributaries  range  in  depth  from  a  few  inches  to  15 
feet  or  more.  Transportation  may  be  by  boat  or  barge 
where  the  depth  of  water  permits,  but  vehicles  known 
as  "marsh  buggies"  have  made  possible  exploratory 
work  in  many  otherwise  impenetrable  places.  Because 
of  the  buoyancy  and  mechanical  construction  of  these 
marsh  buggies  which  serve  the  purposes  of  both  motor 
vehicle  and  motor  boat,  the  exploring  parties  can  travel 
in  them  on  land,  through  marsh,  or  over  water. 

Although  not  as  widely  used  as  seismic  methods, 
several  other  means  of  geophysical  exploration  have 
their  peculiar  advantages.  Among  these  may  be  listed 
methods  and  apparatus  for  measuring  (1)  magnetic 
phenomena  in  the  earth's  crust  caused  by  certain 
mineral  deposits,  (2)  variations  in  rock  density  and 
other  factors  that  cause  local  changes  in  the  gravita- 
tional forces,  and  (3)  the  conductivity  or  resistivity 
and  other  electrical  properties  of  rocks  constituting 
the  earth's  crust.  ^^ 

An  electrical  method  that  is  used  more  extensively 
in  determining  the  characteristics  of  rocks  surround- 
ing a  well  than  in  establishing  the  existence  and  limits 
of  geologic  structures  is  commonly  referred  to  as 
electrical  logging.^-  Like  mechanical  coring,  electrical 
logging  can  be  applied  widely  to  solve  problems  in 
drilling  and  production  as  well  as  those  in  geology. 
This  art  was  introduced  into  the  United  States  in 
1932,  but  it  has  been  used  in  Russia  and  Venezuela 
since  1929.  Few  progressive  operators  will  drill  a  well 
today  in  regions  where  underground  conditions  are 
complex  without  using  some  form  of  electrical  log- 
ging, the  results  of  which  sometimes  give  information 
concerning  subsurface  conditions  that  can  not  be  ob- 
tained by  analyzing  cores  or  any  other  method  of 
studying  the  characteristics  of  reservoir  rocks. 

Rocks  transmit  electric  current  by  reason  of  absorbed 
water  that  contains  dissolved  salts.     The  conductivitv 


^  Eve.  A.  S.,  and  Keys.  D.  A.,  Geophysical  Methods  of  Prospecting 
(A  brief  and  elementary  account  of  the  principles  involved).  Tech. 
Paper  420,  Bureau  of  Mines  1927,  26  pp. 

"  Schlumbcrger,  C.  &  M.,  and  Leonardon.  E.  G.,  Electrical  Coring; 
A  Method  of  Determining  Bottom-Hole  Data  hy  Electrical  Measure- 
ments, Tech.  Pub.  No.  426,  Amer.  Inst.  Min.  &  Met.  Engrs.,  1932, 
38  pp. 

Deusscn.  Alexander,  and  Leonardon,  E.  G.,  "Electrical  Exploration 
of  Drill  Holes,"  Drilling  and  Production  Practice,  ISSo,  Amer.  Pet. 
Inst.,   pp.  47-59. 


of  the  rock  increases  with  the  concentration  of  the 
electrolyte.  Making  use  of  these  and  other  scientific 
facts,  the  electrical  resistivity  of  the  rock  (the  reciprocal 
of  the  conductivity)  is  measured  with  recording  mecha- 
nisms connected  to  an  electrical  circuit,  one  terminal 
of  which  is  an  electrode  that  is  run  into  the  bore  hole ; 
the  other  terminal  consists  of  suitably  placed  ground- 
ing rods  at  the  surface.  Information  in  addition  to 
the  resistivity  of  the  rocks  is  obtained.  For  example, 
it  is  possible  to  detect  porous  rocks  in  contrast  with 
those  having  impervious  characteristics.  The  electrical 
log  does  not  show  the  actual  porosity  or  open  spaces 
in  the  rock,  but  the  so-called  "porosity"  logs  as  de- 
termined electrically  can  be  correlated  with  similar 
records  taken  in  adjacent  wells  on  the  basis  of  relative 
ability  to  hold  oil  in  the  pore  spaces.  Electrical 
methods  also  are  used  by  jDroduction  engineers  in  de- 
termining points  at  which  water  enters  wells  and  in 
evaluating  other  reservoir  conditions. 

Recently  considerable  interest  has  been  evidenced  in 
this  country  regarding  certain  chemical  methods  of 
determining  minute  quantities  of  hydrocarbon  sub- 
stances (especially  ethane)  in  soils  as  a  possible  indi- 
cation of  petroleum  structure.  The  Russian  literature 
on  this  subject  (several  articles  have  been  tran.slated 
into  English)  is  more  extensive  than  that  of  this  coun- 
try.^^  The  theory  back  of  this  inadequately  developed 
technique  is  that  micro  quantities  of  gas  escaping  dur- 
ing geologic  time  througli  fissures  and  fractures  from 
underlying  petroleum  reservoirs  may  be  retained  by 
the  soil.  According  to  Eby,"  "These  fractures  or 
fissures  tend  to  be  sealed  over  the  top  of  the  structure, 
so  that  the  leakage  that  takes  place  is  concentrated 
around  the  edges  of  the  mineralized  zone  in  the  form  of 
a  ring,  or  halo."  The  usual  methods  of  gas  analysis  are 
not  applicable  for  determining  such  minute  quantities 
of  ethane,  which  may  range  from  0  to  200  parts  per 
billion  by  weight  of  the  soil.  Chemists  are  attempting 
to  develop  a  technique  on  a  fundamental  basis,  and  if 
their  efforts  prove  successful,  another  means  may  be 
available  for  defining  the  limits  of  areas  for  further 
exploratory  work. 

As  the  more  pronounced  structural  traps  for  oil  and 
gas,  such  as  anticlines  and  domes,  are  found  and  ex- 
plored with  the  drill,  search  is  being  extended  to  areas 
where  geologic  conditions  make  stratigraphic  accumu- 
lations possible."  An  outstanding  example  of  strati- 
graphic  accumulation  is  the  East  Texas  field,  concern- 
ing which  so  much  has  been  written  in  the  technical 


"  Eb.v.  J.  Brian,  "Newer  Trends  and  Methods  in  Geophysical  Petroleum 
Exploration."  Pet.  Eng.,  Mid-Ycar  1938.  pp.  31^0. 

Bignell,  L.  G.  E.,  "Exploration  for  New  Oil  Fields  Stimulated  by  Soil 
Analysis,"  Oil  and  Gas  Jour..  July  28,  1938,  pp.  69-70. 

"  Eby,  J.  Brian,  work  cited,  p.  38. 

"  Levorsen,  A.  I.,  Utratigraphic  vs.  Structural  Accumulation.  Bull. 
Am.  Assoc.  Pet.  Geol.,  May  1936,  pp.  521-530. 
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press  and  newspapei"s.  However,  a  list  of  22  major 
fields  in  the  United  States  includes  at  least  9  in  which 
oil  and  gas  are  said  to  have  been  trapped  because  of 
changes  from  porous  to  nonporous  rock  material.  In 
exploring  for  these  types  of  petroleum  deposits  portable 
machines  capable  of  drilling  small-diameter  holes  to 
depths  of  6  to  8  thousand  feet  are  being  used.^" 
Lahee  '"  has  pointed  out  advantages  of  drilling  holes  of 
small  diameter  that  may  be  tested  with  electrical-log- 
ging and  side-wuU  sampling  devices,  which  if  war- 
ranted, later  can  be  conditioned  for  production. 

Even  a  listing  of  all  the  exploratory  methods  that 
have  come  to  the  foreground  in  recent  years  would  be 
impracticable.  As  suggested,  many  of  these  methods 
and  devices  play  as  important  a  part  of  the  technique 
of  drilling  and  production  as  in  exploratory  work.  In 
fact,  a  well  being  drilled  in  unproved  territory  may  be 
considered  as  an  assembly  of  equipment  for  exploratory 
purposes  until  the  existence  of  a  commercial  deposit 
is  proved. 

Formerly  the  jjroductivity  of  a  foiination  was  tested 
iiy  bailing  the  well,  or  the  mud  fluid  was  removed  by 
swabbing  or  by  flowing  the  well  directly  into  the  mud 
pits  if  the  pressure  was  great  enough.  Modern  tech- 
nique has  devised  a  wa}'  to  test  formations  through 
tlie  drill  pipe — known  as  "drill-stem"  testing.  In  this 
method  the  drill  stem  is  fitted  with  a  packer  that  is 
forced  tightly  against  the  walls  of  the  hole  just  above 
the  formation  to  be  tested.  Proper  manipulations  of 
the  di'ill  stem  open  and  close  a  valve  with  which  the 
packing  device  is  equipjaed.  If  pi'esent  in  the  forma- 
tion, fluid  will  enter  the  drill  stem  and  flow  to  the  sur- 
face when  the  valve  is  opened — jirovidcd  there  is 
enough  pressure.  Information  thus  obtained  permits 
the  operator  to  decide  whether  to  complete  the  well 
or  contiinie  drilling.  This  method  of  testing  greatly 
reduces  the  hazard  that  a  well  may  get  out  of  control 
if  the  pressure  in  the  formation  is  high.  It  is  faster 
and  more  economical  than  the  older  methods,  and  the 
producing  chai-acteristics  of  the  well  can  be  determined 
with  greater  certainty. 

Another  device  that  probably  is  used  more  exten- 
sively in  production  work  than  in  exploratory  opera- 
tions is  the  gun  perforator.  This  mechanism  shoots 
bullets  through  the  casing  at  any  desired  depth.  The 
charge  of  powder  is  detonated  electrically,  and  the  gun 
is  designed  to  produce  a  high  muzzle  velocity  despite 
the  short  length  of  the  smooth  barrel.    The  steel  bul- 


lets, by  penetrating  the  casing  and  surrounding  rock, 
jirovide  channels  through  which  oil  and  gas  will  flow 
into  the  well  if  the  formation  is  productive.  Modifica- 
tions have  been  made  in  these  gun  perforators  for  ob- 
taining side-wall  samples  in  uncased  portions  of  the 
hole.  The  bullets  for  this  purpose  are  hollow  cvlinders 
attached  to  the  gun  mechani.sm  with  flexible  springs. 
After  being  shot  into  the  formation  the  bullets  can  be 
retracted  and  brought  to  the  surface  where  the  con- 
tained cores  are  examined.'* 

Photographs  have  been  used  for  a  long  time  by 
geologists  as  an  aid  in  describing  structural  features, 
but  aerial  photography  as  applied  to  mapping  has 
developed  into  a  method  of  geological  exploration  that 
iniludes  far  more  than  merely  taking  picture*  from 
the  air.  Eliel"*  has  sunnnarized  the  circumstances  in 
the  statement,  "*  *  *  the  airplane  carrying  its 
mapping  camera  is  a  superb  reconnaissance  tool,  only 
awaiting  his  (the  geologist's)  ingenuity  in  correlating 
the  pictures  with  the  ground  to  simplify  most  explora- 
tory problems."' 

Nearly  everyone  has  some  acquaintance  with  photo- 
graphs taken  from  the  air  and  probably  has  seen  mosaic 
maps  on  which  prominent  features  of  terrain  are 
plainly  visible.  Few  persons,  however,  appreciate  the 
technique  and  equipment  that  has  been  developed  for 
air  and  laboratory  use  since  the  relatively  crude  begin- 
nings of  a  wartime  necessity.  Today  aerial  photog- 
raphy is  on  a  scientific  basis,  permitting  exact  en- 
gineering calculations.-"  Aerial  maps  can  be  made 
with  a  contour  interval  of  5  feet.  Tliis  is  equal  to  the 
accuracy  of  many  transit  or  plane-table  surveys  made 
with  stadia  readings,  and  many  geologic  features  such 
as  anticlines,  synclines,  and  faults  that  are  clearly 
discernible  on  aerial  maps  can  not  be  seen  from  the 
ground.  However,  the  need  for  detailed  ground  sur- 
veys at  likely  places  is  not  obviated. 

An  instrument  that  has  done  much  to  solve  the 
problem  of  photographing  long  parallel  strips  has  been 
devised  to  aid  the  pilot  in  flying  a  predetermined 
course  with  minimum  deviation  from  a  straight  line. 
Improved  laboratory  methods  of  assembling  and  plac- 
ing the  mosaics  have  added  to  tlie  accuracy  and  speed 
of  map  making  from  the  air. 

Heald  -'  has  summed  up  the  situation  regarding  ex- 
ploratifni  for  oil  and  gas  aptly  in  stating:  "It  is  be- 
lieved that  the  intensive  geologic  attack,  aided  bj'  an 


"  Bigncll.  L.  G.  E.,  "Deep  Wells  to  be  Drilled  to  Secure  Subsurface 
Data."  Oil  and  Oas  Jour.,  March  11.  1037.  pp.  46.  49.  5S. 

Slil's,  BratI,  and  Taj'lor,  Frank  B  ,  "Sm.ill  Hiilo  Drilling  Holds  Wide 
Possiliilities."  Oil  Wcckhi,  .\Hgust  S  and  August  15.  1938,  f'P  -2-28 
and  26-31.  respectively. 

■•Lahee,  Fredcriik  II.,  "Wildcat  Drilling  in  1937,"  presented  before 
the  Am.  Assoc.  Petrol.  Geol..  2M  Annual  Meeting,  JIarch  lO.'S :  see 
Oil  and  Gas  Jour.,  Marc!)  17,  193S,  p.  41. 


">  Leonardon,  Eugene  G  ,  and  McCann.  D.  C,  ETploring  Drill  Holes 
by  Samph-  t<ikii:tj  Ilullils.  Tech.  I'ub.  No.  1062,  Am.  Inst.  Min.  and  Met. 
Engrs.   (New  York  meeting,  Feb  naiy  1939,  13  pp.). 

'"Eliel,  Leon  T..  Aerial  Rcconnaisfiancc  and  Contour  Mapping  in  Min- 
ing, Teeb.  Pub.  No.  75G,  Am.  Inst.  Mln.  and  Met.  Engrs.,  1936,  p.  4. 

""Me.Ter.  Wm.  H..  Jr..  Development  of  Aerial  Photographic  Equip- 
ment, Tech.  Pub.  No.  756,  Am,  Inst.  Min.  and  Met.  Engrs.,  1936, 
pp.   21-27. 

=  Heald,  K.  C,  work  cited,  p.  10. 
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aggressive  technology,  may  reveal  new  types  of  min- 
eral deposits  and  that  the  geophysical  attack  will  re- 
veal mineral  resources  that  can  not  be  discovered  by 
existing  methods." 

Drilling 

The  first  oil  well  was  drilled  to  a  depth  of  69  feet 
after  months  of  harrassuig  difficulty  with  tools  and 
technique  patterned  after  those  used  in  the  salt-brine 
industry.  The  bottom  of  the  deepest  hole  that  has  been 
drilled  (1938)  is  15,004  feet  below  the  surface  of  the 
earth — nearly  3  miles.  These  comparative  depths 
roughly  measure  the  changes  in  drilling  technique  that 
have  taken  place  during  the  80  years  of  the  petroleum 
industry.  Many  volumes  have  been  written  in  attempts 
to  tell  the  complete  story  of  how  these  changed  condi- 
tions have  been  brought  about.  Only  a  few  outstand- 
ing items  can  be  mentioned  in  this  paper. 

The  equipment  of  the  pioneer  drillers  was  fashioned 
largely  from  wood,  and  the  metal  parts  were  forged 
by  blacksmiths  in  accordance  with  their  own  ideas  of 
what  was  required.  The  first  wells,  some  of  which 
were  drilled  with  improvised  spring  poles — the  prin- 
ciple of  which  is  not  far  removed  from  that  used  by 
the  Chinese  centuries  ago — resulted  from  the  chipping 
action  of  a  repeatedly  falling  chisel-nosed  bit.  In  the 
percussion  method,  later  known  as  the  "cable-tool" 
method,  the  bit  is  actuated  by  a  rope  or  cable  attached 
to  a  walking  beam  at  the  surface.  The  steam  boilers 
and  engines  of  the  period  were  crude  and  inefficient 
and  many  operations  on  the  derrick  floor  were  man- 
ually laborious — such  as  "tromping  the  buUwheels"  by 
hand  and  foot  to  bail  out  the  cuttings  and  perform 
other  lowering  and  hoisting  operations.  Later  the  two 
bullwheels,  joined  by  a  shaft,  were  mounted  on  the  side 
of  the  derrick  opposite  the  engine  and  comiected 
indirectly  with  it  by  means  of  bull  ropes.  These 
endless  ropes  run  in  grooves  on  one  of  the  wheels 
and  can  be  thrown  from  it  as  required.  The  rim 
of  the  other  wheel  is  used  as  a  braking  surface. 
The  buUwheel  shaft  is  used  to  spool  the  drilling  line, 
and  a  calfwheel  with  its  shaft  (a  later  addition) 
handles  the  casing  lines.  Another  addition  is  a  sand 
reel,  upon  which  a  line  of  smaller  diameter  than  the 
drilling  line  is  spooled.  This  sand  line  lowers  and 
hoists  the  bailer  and  greatly  decreases  the  time  required 
for  bailing  wells.-- 

The  general  adoj^tion  of  rotary  drilling  marked  a 
turnmg  point  in  the  history  of  the  industry  toward 


^  For  complete  descriptions  of  churn-drilling  equipment  and  methods 
see:  Uren,  Lester  Charles,  Petroleum  Production  Engineering,  "Oil  Field 
Development,"  Second  edition.  1034,  CU.  VI,  McGraw-Hill  Book  Co., 
New  York. 

Jeffery,  W.ilter  H.,  Deep  Well  Drilling,  Third  edition,  chs.  VIII  and 
IX,  Gulf  Publishing  Co.,  Houston,  Tex. 


deeper  producing  formations  with  attending  higher 
pressures  and  temperatures  in  the  reservoirs  and  many 
new  engineering  problems.  The  rotary  method,  which 
in  simplest  terms  may  be  likened  to  the  boring  of  a 
hole  with  an  auger,  was  initiated  about  1900.  The 
innovation  proved  successful  in  penetrating  the  soft, 
unconsolidated  strata  found  in  the  Spindletop,  Tex., 
and  other  Gulf-coast  fields.  The  rotary  method  gained 
in  favor,  and  many  new  features  were  added  during 
the  development  of  fields  in  California,  where  it  was 
quickly  adopted.  With  the  development  of  cone  and 
roller  rock  bits  that  grind  or  mill  the  formations,  in- 
stead of  cutting  them  as  with  the  conventional  rotary 
bit  shaped  like  a  fishtail,  operators  found  it  possible  to 
drill  hard,  consolidated  formations.  Another  innova- 
tion used  by  some  operators  to  drill  through  relatively 
soft  formations  is  a  collapsible  rotary  bit  that  may  be 
inserted  and  retracted  through  the  drill  pipe  by  means 
of  a  wire  line,  thus  reducing  the  "down  time"  for 
changing  a  bit  because  the  drill  pipe  remains  in  the 
hole.  The  overall  result  of  the  many  improvements  has 
been  that  the  cable-tool  method  is  being  used  less  and 
less,  except  for  portable  or  semiportable  outfits  suited 
for  shallow  drilling  and  for  the  drilling  of  certain 
cavernous  limestones  where  loss  of  drilling  fluid  to  the 
formations  might  cause  major  operating  difficulties. 

The  mind  does  not  have  to  be  taken  back  to  the  pio- 
neer period  to  be  given  some  startling  comparisons. 
Pictures  of  derrick  floors  taken  20  years  ago  evoke 
comment  regarding  their  inadequacy  compared  with 
present  operations  that  have  made  deep  drilling  pos- 
sible. However,  the  need  for  going  to  the  deeper  hori- 
zons in  1919  and  1920  was  not  as  urgent  as  today. 

Designers,  structural  engineers,  and  all  those  con- 
cerned with  the  drilling  of  wells  to  greater  and  greater 
depths  would  have  been  helpless  without  the  aid  of 
metallurgists  and  chemists.  In  the  metallurgical  field, 
studies  of  mixtures  of  molten  metals  and  their  subse- 
quent cooling,  rolling,  shaping,  and  heat  treatment,  and 
the  facing  of  cutting  surfaces  with  hard  metals  and 
alloys,  have  made  many  of  the  present  attainments  pos- 
sible. With  superior  alloy  steels  of  high-tensile 
strength  available,  it  is  now  possible  to  manufacture 
and  fabricate  tools,  rig  parts,  pipe,  and  machinery  that 
permit  larger  design,  withstand  greater  shock  and  im- 
pact, and  meet  requirements  of  toughness,  hardness, 
ductility,  resistance  to  fatigue  and  corrosion,  and  have 
better  welding  properties. 

Uren  and  Jeffrey  -^  have  described  the  main  opera- 
tions of  rotary  drilling  in  detail.    Bell  -*  has  reviewed 


'^  Uren,  Lester  Charles,  work  cited,  ch.  VII. 
Jeffrey,  Walter  H.,  work  cited,  chs.  III-IV. 

"  Bell,    A.    H.,    "Greater    Tools — Greater    Depths,"    Petroleum    World, 
1938  Annual  Review,  pp.  45-70. 
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outstanding  new  developments  in  equipment  and 
methods  that  pertain  to  the  present  technique  of  drill- 
ing deep  wells.  Mechanical  equipment  at  modern 
derricks  is  so  involved  and  includes  so  many  items 
that  reference  to  Bell's  article  is  recommended  be- 
cause the  descriptions  are  brief  but  explicit,  and  the 
halftone  illustrations  and  line  drawings  that  accom- 
pany his  article  clarify  many  features  that  can  not 
be  well  described  in  words. 

Although  steel  derricks  and  requisite  parts,  such  as 
various  posts,  supports,  and  walking  beams  had  been 
designed  prior  to  1900,  many  drillers  during  the 
period  of  1920-25  complained  that  steel  derricks  had 
no  "give"  when  a  load  was  placed  on  them  and  gave 
little  or  no  warning  before  collapse.  Despite  this  op- 
position to  a  newer  order,  the  forests  of  wooden  der- 
ricks once  prevalent  in  oil-producing  regions  now  are 
reminders  of  fields  going  into  their  declining  produc- 
ing lives.  Many  wooden  derricks  have  been  dis- 
mantled in  these  older  fields  and  replaced  with  steel 
pumping  derricks. 

Drake's  derrick  was  about  35  feet  high,  and  84-foot 
derricks  were  adequate  for  cable-tool  drilling  for  many 
years.  Today  derricks  reaching  heights  of  176-178 
feet  are  not  uncommon,  and  it  is  understood  that  a 
derrick  has  been  designed  that  will  extend  more 
than  200  feet  above  the  derrick  floor.  The  substruc- 
tures of  the  newer  derricks  are  of  steel  and  usually 
raise  the  floor  9  to  16  feet  above  the  ground  level. 
This  permits  massive  gate  valves  and  blow-out  pre- 
venters to  be  placed  without  the  inconvenience,  hazard, 
and  expense  of  deep  cellars.  The  base  of  these  tall 
derricks  may  be  as  large  as  32  feet  square,  permitting 
ample  working  room  and  space  to  "rack"  (stand  on 
end)  more  than  2  miles  of  drill  pipe  in  lengths  or 
"stands"  of  120-150  feet.  This  type  of  construction  was 
not  required  when  cable  tools  were  in  general  use  or 
even  when  maximum  depths  of  rotary-drilled  holes 
were  between  5,000  and  6,000  feet. 

Offshore  or  marine  drilling  has  led  to  many  innova- 
tions unthought  of  by  the  mdustry  a  few  years  ago. 
Some  wells  are  drilled  from  piers  or  wharves,  as  in 
California,  that  extend  into  water  that  may  be  40-50 
feet  deep.  Caissons  of  concrete  and  steel  are  sunk 
into  the  sand  of  the  ocean  floor  to  permit  the  wells  to 
be  drilled  and  to  protect  them  after  completion. 

Along  the  Gulf  coast  and  in  its  bordering  lagoons 
and  bayous  where  the  water  is  not  over  12  or  14  feet 
deep,  drilling  barges  are  used.  The  completely  erected 
derrick  and  all  auxiliary  equipment,  including  the 
power  unit  and  mud-circulating  system,  are  mounted  on 
flat-bottomed,  steel  hulls  that  are  braced  securely  with 
structural  steel  members,  and  towed  to  the  desired  loca- 
tion.   Sometimes  twin  barges  are  fastened  together  as  a 


single  unit.  The  power  barge  containing  the  gasoline- 
electric  or  Diesel-electric  generators  usually  is  permitted 
to  float  throughout  the  drilling  operation,  but  after 
being  towed  into  position,  the  sea  valves  of  the  drilling 
barge  (or  barges)  are  opened,  and  the  hull  is  filled  with 
water.  The  barge  sinks  until  the  lower  plates  rest 
evenly  on  bottom,  with  the  deck  remaining  a  safe  dis- 
tance above  the  water  line.  The  unit  is  lashed  to  piles, 
and  drilling  begins  almost  immediately  after  the  der- 
rick is  plumbed. 

Sometimes  the  drilling  crews  are  quartered  in  a  boat- 
house  at  the  site.  All  material  such  as  fuel,  water, 
pipe,  and  cement  is  brought  by  tenders  towed  by  tug- 
boats. Cementing  trucks  and  other  service  outfits 
reach  the  well  by  means  of  boats  or  tenders.  Extreme 
care  must  be  taken  against  spilling  oil  or  any  other 
material  that  may  be  harmful  to  the  body  of  water 
surrounding  the  drilling  operation.  After  the  well  is 
drilled  and  protected  against  accident  (a  network  of 
piles  and  cribbing  usually  is  erected  around  and  over 
tlie  wellhead),  the  drilling  barge  is  raised  by  pumping 
water  out  of  the  hull,  and  the  complete  unit  is  towed 
to  the  next  location.  A  well  has  been  completed,  the 
barges  moved  to  a  new  location,  and  the  new  well 
started  within  14  hours.  The  initial  cost  of  the  outfit 
is  much  greater  than  that  of  equipment  required  to 
drill  holes  of  similar  depth  on  dry  land,  but  once 
equipped,  one  barge  may  be  used  to  drill  many  wells 
with  only  a  relatively  short  "down  time"  for  moving. 

The  satisfactory  circulation  of  drilling  fluid  is  essen- 
tial to  successful  rotary  drilling.  Drilling  fluid  serves 
the  following  main  functions:  It  cools  and  lubricates 
the  bit,  removes  drill  cuttings  from  the  hole,  plasters 
the  walls  of  the  hole,  and  otherwise  prevents  them  from 
sloughing  or  caving,  prevents  fluids  from  migrating 
from  one  stratum  to  another,  and  because  of  its  weight 
keeps  the  great  pressures  of  oil  and  gas  in  the  natural 
reservoir  under  control. 

Little  attention  was  given  to  the  characteristics  of 
the  circulating  fluid  in  the  first  wells  drilled  by  the 
rotary  method.  The  water  was  thickened  with  clay 
available  at  the  site  or  penetrated  in  the  upper  forma- 
tions, and  the  mud  was  maintained  at  a  fluidity  that 
would  not  cause  difficulty  or  stoppage  in  pumping. 
Some  of  the  first  writings  of  the  Bureau  oi  Mines  on 
petroleum  treated  the  subject  of  mud-laden  fluid  as  a 
means  of  preventing  waste  of  oil  and  gas  from  flowing 
wells. -°  From  this  initial  engineering  approach,  a  new 
technique  developed  with  respect  to  drilling  fluids,  and 


=»  I'ollard,  J.  A.,  and  ncggem,  A.  G.,  Mud-Laden  Fluid  Applied  to 
Well  DrilUag,  Tccli.  Paper  66,  liurcau  of  Mines,  1914,  21  HP. 

Pollard,  J.  A.,  and  Heggem,  A.  G.,  Drilling  Welln  in  Oklahoma  by  the 
Muit  Laden-Fluid  Method,  Tech.  Paper  6S,  Bureau  of  Mines,  1814,  27  pp. 

Lewis.  J.  O.,  and  McMurray,  W.  F.,  The  Use  of  Mud-Laden  Fluid  in 
Oil  and  Gas  WelU,  Bull.  134,  Bureau  of  Mines,  1916,  86  pp. 
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the  -nhole  science  of  plastics  and  plastic  flow  is  now  of 
major  concern  to  the  industry.  The  importance  of  this 
subject  is  indicated  by  some  recently-prepared  notes  on 
the  literature  of  drilling-fluids  that  include  references 
to  more  than  200  technical  articles.  The  science  has 
gone  much  farther  than  the  addition  of  weighting  ma- 
tei-ials  to  prevent  blow-outs.^^ 

In  most  wells  being  drilled  to  great  depth,  espe- 
cially where  there  is  likelihood  of  the  formations 
'•heaving"  or  sloughing  into  the  bore  hole,  chemical 
engineers  (called  mud  engineers  in  the  field)  are  con- 
stantly on  hand  studying  the  conditions  of  the  well 
and  cai-efully  controlling  the  properties  of  the  drilling 
fluid  by  the  addition  of  chemicals  or  by  other  treat- 
ment. Some  drilling  fluids  today  contain  very  little 
water  because  water  seems  to  aggravate  the  tendency 
of  the  walls  of  the  hole  to  move  into  the  well  bore.^' 

A  relatively  new  development  is  the  addition  of  pul- 
verized limestone  to  drilling  fluids  so  that  the  mud 
sheath  opposite  the  productive  formations  subsequently 
can  be  removed  with  acid.-®  Also,  small  particles  of 
rubber  have  been  suggested  as  an  admixture.  The  rub- 
ber in  the  mud  sheath  may  be  dissolved  by  oil  if  pres- 
ent in  the  formations.-"  Thus,  means  are  provided  for 
extracting  oil  from  horizons  that  may  have  been  unde- 
veloped intentionally  or  missed  inadvertently  during 
initial  drilling. 

Large  quantities  of  other  materials  are  placed  in 
wells.  The  most  unportant  item  in  this  category  is 
cement  which  holds  the  casing  in  place  and,  if  properly 
introduced  into  a  well,  prevents  migration  of  fluids 
and  damage  to  oil  and  gas  zones  by  underground 
waters.  The  early  technique  of  shutting  off  water  from 
extraneous  formations  was  to  land  the  casing  in  a 
tapered  hole,  or  "seat"'  drilled  in  shale  (if  such  an 
impervious  formation  could  be  found)  above  the  pro- 
ducing zone.  The  hope  of  the  operators  was  that  this 
"formation  shut-off"  would  keep  oil,  gas,  and  water  in 
their  respective  horizons.  Some  operators  put  bags  of 
seed  in  their  wells.  When  the  seeds  became  wet,  they 
swelled  and  acted  as  an  imperfect  packer.  Both  the 
seed  bag  and  formation  shut-off  were  expedients  of  the 
period  of  their  use  and  led  to  many  well  failures.  In 
1918,  Tough  ^°  discussed  the  state  of  knowledge  then 


=•  Carpenter,  Charles  B..  Some  Causes  of  Bloic-Outs  During  DiilHng 
and  Means  of  Prevention.  With  Special  Reference  to  the  Oulf  Coast 
Reriion,  Inf.  Circ.  6938.  Bureau  of  Mines.  1037.  27  pp. 

'^  SuUins.  C.  A.,  and  Van  Dyke,  Orien,  "Methods  that  Drilled  Heaving 
Shale  to  13,728  feet  in  Agua  Dulce  Field,"  Oil  Weekly,  January  23, 
lO.TO,  pp.  52-54  ;  56-57  :  60. 

=s  Miller,  H.  C,  and  Shea,  G.  B.,  Chemical  Method  for  Removing  Mud 
Shfaths  in  Oil  Wells,  Report  of  Investigations  3249,  Bureau  of  Mmes, 
1934,  19  pp. 

"  Bowie,  C.  P.,  Hardening  of  Mud  Shealhs  in  Contact  with  Oil,  and  a 
Suggested  Method  for  Minimising  Their  Sealing  Effect  in  Oil  Wells, 
Report  of  Investigations  3354.  Bureau  of  Mines.  1938.   25  pp 

'"  Tough,  F.  B..  Methods  of  Shutting  Off  Water  in  Oil  and  Oas  Wells, 
Bull.  163,  Bureau  of  Mines,  1918,  122  pp. 


existing  regarding  the  use  of  cement  in  shutting  off 
water,  and  expressed  the  view  that  the  topic  "will 
doubtless  be  under  consideration  and  discussion  so 
long  as  there  are  enough  known  deposits  of  oil  and 
gas  remaining  in  the  earth  to  make  their  development 
profitable."  The  fundamentals  of  excluding  water 
from  wells  and  cementing  casing  are  the  same  now  as 
they  were  when  that  statement  was  written,  but  many 
advances  have  been  made,  and  new  methods  of  intro- 
ducing cement  behind  casings  have  been  evolved  to 
supplement  or  supersede  the  bailer,  tubing,  and  "two- 
plug"  methods  described  by  Tough. 

In  the  older  cementing  processes  it  was  necessary  to 
allow  the  well  to  stand  idle  for  14  to  21  days  after 
placing  the  slurry  or  cement  mix  in  order  to  permit  the 
cement  to  set  and  harden.  Then  it  was  found  that  by 
adding  certain  chemicals  the  time  of  initial  set  was 
accelerated  without  weakening  the  structure  of  the 
hardened  material.  With  deeper  drilling,  high  earth 
temperatures  caused  cements  to  set  too  quickly,  and 
ice  water  was  used  in  some  wells  to  reduce  the  tempera- 
ture, making  it  possible  to  cement  long  strings  of  cas- 
ing. Today  the  cement  industry  is  able  to  supply  a 
wide  variety  of  cements  that  will  meet  almost  any  con- 
ditions in  the  natural  reservoir. 

New  methods  of  introducing  cement  into  wells  also 
have  been  perfected.  Multiple-stage  cementing  is  a 
process  by  which  a  well  may  be  cemented  in  steps,  part 
of  the  material  being  introduced  behind  the  casing 
through  perforations.  In  this  way  it  is  unnecessary  for 
all  of  the  cement  to  be  pumped  to  the  bottom  of  the 
well  and  travel  upward  in  the  annular  space  between 
the  string  of  pipe  to  be  cemented  and  the  wall  of  the 
hole  or  other  casing  of  larger  size  that  previously  has 
been  placed  in  the  well.  "Squeeze"  cementing  is  an- 
other technique  in  which  the  cement  is  forced  through 
perforations  under  high  pressure  into  or  against  a 
permeable  formation  to  shut  off  water  or  reduce  gas- 
oil  ratios.  By  the  use  of  suitable  packers,  "floating-in" 
plugs  that  aid  in  running  long  strings  of  casing,  cement 
guide  shoes,  and  other  requisite  equipment  the  cement 
is  placed  at  any  desired  depth  in  the  well. 

In  some  unconsolidated  caving  formations  the  prac- 
tice of  gravel  packing  has  been  found  beneficial  in 
preventing  sand  from  accompanying  the  oil  and  clog- 
ging the  perforated  pipe  opposite  the  producing  sand 
in  the  well  at  the  bottom  of  the  hole.  At  first  glance 
it  may  seem  incongruous  to  remove  rock  material  and 
then  fill  the  space  with  a  similar  substance,  but  gravel 
properlj-  introduced  and  placed  acts  as  a  filter,  keeping 
back  the  fine-grained  particles  but  allowing  the  liquid 
to  flow  through  the  channels  into  the  wells. 

Still  other  materials  are  introduced  into  wells,  and 
chemical   service    companies   constitute    an    important 
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item  in  tlie  present  technique  of  oil-field  practices. 
The  acid  treatment  of  wells  may  be  considered  as  a 
method  of  stimulatin<2:  production  or  it  may  be  classed 
as  a  part  of  driliin<i  technique,  just  as  shooting  a  well 
with  nitroglycerin  niaj'  be  considered  a  part  of  drilling. 
The  use  of  acid  in  wells  dates  back  to  the  early 
patent.s  of  Frasch,^'  but  the  practical  applications  have 
been  extended  widely.  The  purpose  of  introducing 
acid  into  a  well  is  to  disintegrate  the  rock  surrounding 
the  well  bore  and  to  open  new  drainage  channels 
through  which  oil  and  gas  will  flow  toward  the  well. 
Thus  the  action  of  the  acid  increases  the  rate  at  which 
oil  can  How  into  the  well  under  the  influence  of  a  given 
difference  in  pressure.  Many  persons  have  a  mistaken 
idea  of  the  treatment  of  wells  with  acid  and  believe 
that  the  introduction  of  an  acid  into  a  well  is  all  that  is 
required  to  obtain  oil  production  or  an  increase  in  the 
rate  of  flow.  If  the  oil  is  not  contained  in  the  rocks, 
acid  treatment  will  not  be  beneficial,  and  in  some  wells 
an  increase  in  water  or  an  occasional  decrease  in  oil 
production  is  the  result.  The  use  of  this  method  of 
stimulation  has  been  confined  to  regions  where  the  rocks 
in  the  reservoir  are  composed  of  limestone,  chalk  rock, 
or  dolomitic  materials,  and  the  acid  used  is  hj'drochloric 
(commercial  muriatic)  acid.  An  inhibitor  sometimes 
is  added  to  the  acid  to  reduce  corrosion  of  llio  metal 
equipment  in  the  well. 

To  all  physical  appearances  a  similar  operation  may 
be  performed  but  with  the  view  of  obtaining  the  op- 
posite effect;  namely,  the  sealing  of  the  earth  strata 
to  prevent  the  migration  or  infiltration  of  fluids.  The 
"formation  plug,"  applied  recently  on  a  connnercial 
scale,  is  a  development  in  the  chemical  treatment  of 
wells  in  which  the  material  is  forced  into  a  water- 
bearing formation,  and  because  of  chemical  reactions 
a  solid  plugging  material  is  formed.^-  Some  operators 
believe  that  under  certain  conditions  a  formation  l)lug 
may  be  used  to  equal  or  better  advantage  than  cement. 
The  shooting  of  wells  is  almost  as  old  as  the  in- 
dustry, and  the  nitroglycerin  or  "soup"  wagon  drawn 
by  horses  with  the  cans  of  explosive  cushioned  in  sepa- 
rate compartments  was  a  familiar  sight  in  fields  drilled 
by  cable  tools  where  the  formations  were  consolidated 
and  the  texture  of  the  rock  was  designated  as  "tight." 
Although  explosives  are  not  used  as  extensively  as 
they  were  in  the  past,  there  is  a  definite  place  for  this 
technique  to  enlarge  the  diameters  of  bore  holes  drilled 
in  hard  foi-mations,  cutting  off  strings  of  pipe  in  wells, 
sidetracking  tools  or  other  material  lost  in  wells, 
bringing  in  new  production  from  close-grained  forma- 


tions, and  stimulating  production  from  partly  de- 
pleted sands.  The  use  of  time  bombs  to  detonate  the 
charge  '^  and  sand  tamping  "  instead  of  water  tamp- 
ing are  two  inq)rovements  in  this  type  of  service  that 
are  radical  departures  from  the  methods  used  bj'  the 
"moonlighters" — the  men  who  shot  wells  at  night  to 
circumvent  tlie  Roberts  patents,  applied  for  in  1864." 

No  quantitative  figures  pertaining  to  the  industry 
as  a  whole  are  available  to  show  the  volume  of  ma- 
terial introduced  into  wells,  but  when  it  is  realized  that 
a  well  frequently  requires  several  thousand  sacks  of 
cement  for  one  string  of  pipe,'"  that  5,000  or  more  gal- 
lons of  acid  or  other  chemicals  may  be  injected  into  a 
well  during  a  single  treatment,  that  1,000  quarts  of 
nitroglycerin  have  been  detonated  in  a  well  for  a  single 
shot,  and  that  the  supplying  of  admixtures  and  chem- 
icals for  treatment  of  drilling  fluids  has  almost  reached 
the  proportions  of  a  special  industry,  the  scope  of  these 
service  operations  can  be  appreciated. 

The  drilling  of  vertical  holes  was  brought  to  the  at- 
tention of  the  industry  forcibly  during  the  develop- 
ment of  the  Seminole,  Okla.,  field.  Investigation 
showed  that  other  fields  also  were  being  developed  with 
"crooked"  holes.  Because  of  the  desire  to  reach  the 
producing  horizons  quickly,  high  drilling  speeds  were 
maintained.  This  condition  combined  with  others 
caused  holes  to  deviate  so  far  from  the  vertical  that 
some  wells  were  ruined,  and  in  others  subsequent 
pumping  became  a  major  production  problem.  The 
first  surveys  were  made  i)y  means  of  acid  bottles  in 
which  a  small  quantity  of  hydrofloric  acid  was  placed 
in  a  glass  container  and  lowered  at  intervals  into  a 
well.  The  acid  would  etch  a  line  on  the  bottle  when 
the  devise  was  brought  to  rest.  By  measuring  the 
angles  of  deflection  obtained  with  the  acid  bottle,  a 
close  approximation  of  the  deviation  of  the  hole  was 
obtained. 

Today  the  surveying  of  wells  is  a  precise  science  re- 
quiring special  survej'ing  instruments.  Xot  only  is  it 
possible  to  keep  holes  straight,  but  where  conditions 
wariaiu,  tlie  l)ottom  of  a  well  may  be  drilled  to  a  pre- 
determined ])oint  several  hundred  feet  laterally  from 
the  ilerrick  floor.  Controlled  directional  drilling  has 
definite  applications  as  in  swampy  regions  and  in  per- 
missible off-shore  drilling.  Carefully  surveyed  de- 
flected holes  are  an  essential  part  of  drilling  relief  wells 
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sives in  Oil  and  Gas  Wells,"  Trans.  Am.  Inst.  ilin.  and  Met.  Engrs. 
ret.  Devrlop.  and  Tech.,  192S-:9,  pp.  240-.312. 

°'  Lewis,  Paul  F.,  "Oil-Field  Explosives — Tlieir  Characteristics  and 
Use."  DriUinfj  and  Production  Practices,  IS.ii,  Am.  Pet.  Inst.,  pp. 
73-.'8. 

»  Smiley,' T.  F.,  "Shooter's  Life  Loses  OldTime  Thrills,"  Oil  and  Oas 
Jour.,  February  16,  1928.  p.  31. 

=•  See  Bignell.  L.  G.  E..  "Oklahoma  Well  Takes  More  Than  Two  Mil- 
lion Pounds  of  Cement."  Oil  and  Oas  .Jour.,  August  18,  1938,  pp.  46-47. 
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to  intercept  one  that  may  be  out  of  control.  As  an 
example  of  what  can  be  accomplished  in  straight- 
hole  drilling,  the  deepest  well  in  the  world  was  only  21 
feet  off  center  from  the  casing-head  at  a  depth  of  11,500 
feet  and  from  there  to  the  bottom  of  this  15,004-foot 
hole  the  survey  showed  no  inclination  from  the  vertical 
greater  than  2i/^°.^'  Such  accuracy  would  be  impos- 
sible without  the  control  of  drilling  operations  by 
means  of  gages  that  indicate  the  weight  of  the  drill 
stem  on  the  bit,  the  load  on  the  derrick,  the  pressure  of 
the  mud  pumps,  the  torque  of  the  drill  stem,  and  the 
speed  of  the  rotary  table. 

Better  completion  methods  and  equipment  prevent 
impending  blow-outs,  and  many  wells  are  drilled  and 
brought  in  under  pressure  control.  In  this  method,  oil 
or  a  mixture  of  oil  and  gas  is  used  as  the  circulating 
fluid,  and  the  flow  from  the  well  as  the  hole  is  deepened 
is  controlled  by  special  equipment.  The  method  also 
has  advantages  in  low-pressure  areas,  as  the  danger  of 
forcing  mud  fluid  or  water  into  the  formations  is 
minimized.'^ 

The  connections  and  fittings  on  the  derrick  floor  both 
during  drilling  and  after  completion  of  a  well  and  the 
manifolding  of  high-pressure  valves  and  fittings  to  meet 
any  set  of  conditions  is  an  engineering  accomplislmient 
that  evokes  admiration.  These  assemblies  known  as 
"Christmas  trees"  usually  are  made  up  and  tested  in  the 
factory  or  pipe  shop  with  the  assurance  that  they  are 
tight.  The  whole  assembly  is  placed  on  the  wellhead 
prior  to  completion,  making  it  possible  to  "bring  in" 
a  well  under  control  without  spilling  any  oil  or  allow- 
ing gas  to  escape.  This  technique  is  quite  in  contrast 
with  the  old  method  of  drilling  a  well  to  a  producing 
horizon  in  the  hope  that  it  would  flow  over  the  derrick. 
If  a  "gusher"  developed,  methods  then  were  devised  to 
cap  the  well,  and  often  vast  quantities  of  oil  and  gas 
were  lost,  property  was  damaged,  and  lives  were  en- 
dangered. In  the  modern  drilling  technique  the  great 
valves  and  blow-out  preventers  stand  guard  at  all 
times  below  the  derrick  floor,  and  at  the  newer  rigs 
these  may  be  closed  with  a  power-driven  mechanism 
upon  an  instant's  notice  at  the  first  indication  that  the 
well  may  attempt  to  free  itself  from  man's  control. 

Along  with  other  evolutionary  changes  the  power 
equipment  at  drilling  rigs  has  been  increased  to  meet 
the  need.  Oil-field  boilers  that  operate  at  a  steam 
pressure  of  350  pounds  per  square  inch  may  be  seen  at 
new  rigs,  sometimes  in  a  battery  of  3  or  more.    About 


=^  Mills,  Brad.  "Setting  Two  New  Depth  Records."  Od  Weekly,  April 
25,  1938,  pp.  35-36. 

^  Ross,  John  S.,  "Review  of  Controlled  Pressure  Drilling  Method," 
Pet.  Eng.,  vol.  7,  No.  13,  September  1036,  pp.  116-121. 

Winterburn.  Read,  "Pressure  Drilling  Operations  at  Kettleman  mils, 
and  Effect  on  Initial  Production  Rates,"  Trans.  Am.  Juat.  Min.  and  Met. 
Engrs.,  vol.  127,  pp.  39^7. 


1884  gas  engines  for  oil-field  use  were  put  on  the  mar- 
ket. Although  gas  engines  are  used  more  extensively 
in  the  production  of  oil  than  in  drilling,  some  drillers 
prefer  this  type  of  internal-combustion  engine,  and 
units  are  now  available  that  are  connected  with  elec- 
tric generators  for  use  where  power  lines  are  not  avail- 
able. An  exploratory  well  recently  drilled  in  the  Mid- 
continent  area  had  a  gas  engine-electric  generating  unit 
that  developed  1,200  horsepower.  Diesel  engines  also 
are  used  either  as  a  direct  source  of  power  or  in  gen- 
erating electricity  to  operate  motors  at  required  places 
in  the  rig  layout. 

Testing  formations  by  taking  cores,  making  drill- 
stem  tests,  side-wall  sampling,  and  electrical  logging 
during  exploratory  drilling  have  been  discussed  in  the 
previous  section  on  exploration.  This  listing  of  im- 
provements could  be  extended  almost  indefinitely,  de- 
scribing each  piece  of  equipment  from  the  cellar,  stop- 
ping for  detailed  inspection  of  the  enclosed  draw  works 
with  its  complicated  gear-reduction  mechanisms,  to  the 
crown  block,  but  the  items  that  have  been  mentioned 
should  show  clearly  that  wells  no  longer  are  drilled 
from  the  derrick  floor  alone  and  that  vast  quantities  of 
costly  materials  must  go  into  a  hole  before  any  oil  or 
gas  is  taken  out. 

In  1930  engineers  were  surmising  what  would  be  re- 
quired to  drill  to  a  depth  of  15,000  feet."  That  depth 
has  been  reached  in  one  well,  and  the  problem  now  re- 
solves itself  into  means  of  reaching  the  basement  rock 
regardless  of  depth  at  reasonable  cost.  The  industry 
still  has  need  for  stronger  and  better  steels,  drill  collars 
that  will  not  twist  off,  and  circulating  fluids  that  will 
permit  drilling  through  shales  that  heave  and  other 
formations  under  tremendous  earth  pressures  and  tem- 
peratures until  the  sedimentary  rocks  have  been  pene- 
trated and  the  igneous  rocks  have  been  reached. 

Production 

This  country  has  been  accused  of  profligacy  in  its 
past  production  from  its  reserves  of  oil  and  gas  and 
its  present  draft  upon  them.  On  the  whole,  however, 
the  petroleum  and  natural-gas  industries  have  im- 
proved their  production  practices  through  the  constant 
application  of  technical  knowledge,  and  this  has  been 
done  without  the  continual  goad  of  price  influence. 

Most  early  production  practices  were  governed  by 
opinion — sometimes  haphazard — and  by  rule  of  thumb. 
There  were  no  well-established  ideas  regarding  the 
shape,  constituents,  and  characteristics  of  petroleum 
reservoirs,  and  the  composition  and  behavior  of  their 
contained   fluids.     Frequent   reference   was   made   to 


"Jeffery,  W.  H.,  "15.000  Foot  Wells."  Vat.  Pet.  yews,  November  12. 
1930,  p.  171.  • 
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"lakes  and  rivers  of  oil,"  and  even  at  a  iniicli  later 
period  in  fields  liaving  a  natural-gas  cap  the  gas  was 
wasted  to  the  air  in  the  honest  but  mistaken  belief  that 
this  was  the  only  feasible  way  the  oil  could  be  made  to 
travel  through  the  formations  to  the  wells."  A  better 
understanding  of  accomplishment  in  the  techni(iue  of 
producing  oil  is  gained  if  it  is  kept  in  mind  that  a 
natural  reservoir  is  a  complex  system  obeying  certain 
physical  laws  that  control  the  relationships  between 
the  fluids  contained  in  it  and  the  energy  available  to 
bring  these  substances  to  the  surface." 

I'rior  to  1920  experiments  were  performed  by  engi- 
neers of  the  Bureau  of  Mines  *•  that  for  the  first  time 
gave  visual  demonstrations  of  certain  tendencies  of 
behavior  of  oil,  gas,  and  water  in  natural  reservoirs 
and  established  some  tentative  subsurface  relations  be- 
tween the  fluids  and  the  surrounding  rock  material. 
Subsequent  work  has  evolved  a  more  complete  under- 
standing of  these  fundamentals  based  upon  physical 
laws  of  fluid  flow  and  energy.  However,  it  was  not 
until  some  years  later  that  the  industry  began  to  ap- 
preciate the  full  significance  of  the  function  of  gas  in 
the  production  of  oil.^'  Engineers  of  the  industry  now 
are  giving  the  same  studied  attention  to  the  function  of 
water  in  the  production  of  oil." 

Just  as  natural  gas  was  unwanted  in  oil  production 
some  years  ago,  so  water  has  been  looked  upon  as  a 
bane  to  the  oil  producer.  If  improperly  controlled, 
water  associated  with  oil  in  the  producing  horizons 
causes  untold  trouble,  as  has  been  indicated  in  the 
descriptions  of  methods  to  prevent  its  intrusion.  How- 
ever, the  industry  is  coming  to  realize  that  in  many 
fields  if  it  were  not  for  the  energy  available  from 
the  pressure  of  the  water  behind  the  oil  in  a  reservoir 
system,  recoveries  would  be  much  less  and  the  cost  of 
extraction  would  be  greatly  increased. 

These  and  numy  other  related  reservoir  problems 
have  a  direct  bearing  upon  the  spacing  of  wells.  Re- 
cently the  American  Bar  Association  found  that  "prob- 
ably between  4,000  and  5,000  unnecessary  wells  are 
drilled  each  year  in  the  United  States    *    *    *."    This 


*>Ross,  J.  S..  Engineering  Report  on  Cotton  Valleii  Field,  Wcister 
Parish,  La.,  Tech.  Paper  504.  Bure.au  of  Mines,  p.  1. 

"A  concl.se  description  of  fluldenergy  relations  In  simple  aspect  Is 
contained  In  a  chapter  from  Bureau  of  Mines  Minerals  Yearbook,  lOSh, 
"Fluid  Energy  Relations  in  Production  of  Petroleum  and  Natural  Gas," 
by  Cattell,  R.  A.,  and  Fowler,  H.  C,  pp.  710-711. 

'-  -Mills.  R.  Van  A.,  "Experimental  Studies  of  Subsurface  Relationships 
in  Oil  and  Gas  Fields,"  Eeon.  Oeol.,  vol.  15,  1920,  pp.  381-421 ;  "Rela- 
tions of  Texture  and  Bedding  to  the  Movements  of  Oil  and  Water 
Through  Sands,"  Econ.  Oeol.,  vol.  10,  1921,  pp.  124-141. 

■"Miller,  H.  C,  Funetion  of  Natural  Qaa  in  the  Production  of  Oil, 
Monograph  4,  Bureau  of  Mines,  in  cooperation  with  Am.  Pet.  Inst., 
1929,  207  pp. 

**  American  Petroleum  Institute  Research  Project  No.  27,  Function 
of  Water  In  the  Production  of  Oil  from  Reservoirs,  being  conducted  at 
the  University  of  Micliigan  by  Prof.  P.  E.  Bartell  and  associates. 

Miller,  F.  G.,  and  Miller,  H.  C,  Kisum^  of  Problems  Relating  to  Edge- 
water  Encroaehment  in  Oil  Sands,  Report  of  Investigations  3392,  Bureau 
of  Mines,  1938,  IS  pp. 


problem  of  reducing  the  number  of  unnecessary  wells 
is  one  of  the  most  difficult  conservation  problems  con- 
fronting the  country  because  it  is  involved  with  many 
prejudicial  opinions.  Progress  has  been  made,  how- 
ever, in  sorting  out  and  identifying  engineering  facts 
pertaining  to  the  distance  at  which  wells  may  be  spaced 
and  still  obtain  the  recoverable  oil.  Some  of  the  tech- 
nical items  upon  which  knowledge  is  being  gathered 
relate  to  the  way  oil  and  gas  are  combined  at  high 
pressures  and  temperatures  of  the  underground  forma- 
tions, how  they  flow  through  the  porous  rocks,  the 
influence  of  water  in  the  formations  upon  their  pro- 
duction, and  the  way  in  which  oil  and  gas  separate  as 
the  fluids  from  a  well  are  brought  to  surface  tempera- 
tures and  pressures. 

One  of  the  greatest  aids  to  the  extractive  branch  of 
the  industry  in  establishing  factual  evidence  of  reser- 
voir behavior  has  been  the  development  of  instruments 
that  will  record  pressures  and  temperatures  in  wells  and 
sampling  devices  that  may  be  run  into  wells  to  obtain 
samples  of  oil-gas  mixtures  as  they  occur  in  their  nat- 
ural state.  Hand  in  hand  with  the  use  of  "bottom- 
hole"  instruments  are  studies  being  made  in  engineer- 
ing laboratories  of  the  flow  of  oil,  gas,  and  oil-gas 
mixtures  through  porous  rocks.  Methods  for  obtain- 
ing well  cores  have  been  discussed  in  the  section  on 
exploration.  In  the  laboratory,  the  specimens  are 
studied  to  find  out  characteristics  such  as  porosity  (a 
measure  of  the  volume  of  the  pore  spaces  or  sipall  holes 
in  rock  that  may  contain  oil  or  other  fluid),  per- 
meability (a  metusure  of  the  time  rate  at  which  fluids 
will  flow  through  porous  rocks),  and  fluid  content. 

Although  engineers  had  been  studying  temperatures 
and  pressures  at  wellheads  for  some  time  and  had  ap- 
plied these  data  in  the  operation  of  wells,  it  was  not 
until  about  1928  that  published  information  on  instru- 
ments for  use  in  wells  appeared  in  the  technical  press 
of  this  country." 

About  this  same  time  engineere  of  the  Bureau  of 
Mines  began  developing  instruments  to  obtain  sub- 
surface data  needed  in  the  study  of  reservoir  per- 
formance.''"  Today  no  progressive  company  would  at- 
tempt to  produce  its  wells  without  the  aid  of  data 
obtained  with  recording  and  sampling  instruments  that 
are  lowered  into  wells.    In  many  fields  operating  groups 


"  Sclater,  K.  C,  and  Stephenson,  B.  R.,  "Measurements  of  Original 
Pressure,  Temperature,  and  Gas-Oil  Ratios  in  Oil  Sands,"  Trans.  Amtr. 
Inst.  Afifl.  and  Met.  Engrs.,  Pet.  Develop,  and  Tech.,  lDiS-i9,  pp.  119- 
136. 

"Relstle,  C.  E.,  Jr.,  and  Hayes,  E.  P..  A  Study  of  SubKurface  Pres- 
sures and  Temperatures  in  Flowing  Wells  in  the  East  Texas  Field  and 
the  Application  of  these  Data  to  Reservoir  and  Vertical  Flow  Problems, 
Report  of  -Investigations  3211,  Bureau  of  Mines,   1933,  17   pp. 

Lindsly,  Ben  E.,  A  Study  of  "Bottom^llole'  Samples  of  East  Texas 
Crude  Oil,  Report  of  Investigations  3212,  Bureau  of  Mine.s,  1933,  22  pp. 

Berwald,  W.  B.,  Buss,  H.  A.,  and  Reistle,  C.  B.,  Jr.,  Bureau  of  Mines 
Multiple-Diaphragm  Recording  Subsurface  Pressure  Qage,  Report  of 
Investigations  3201,  Bureau  of  Mines  1935,  10  pp.,  10  flgs. 
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voluntarily  make  periodic  surveys  of  the  pressures  in 
"key"  wells,  and  some  State  conservation  agencies  re- 
quire these  surveys.  From  subsurface  temperature  and 
pressure  data  engineers  are  able  to  determine  efficient 
rates  of  withdrawal  of  oil  and  gas  from  the  reservoir, 
and  laboratory  analyses  of  samples  of  reservoir  fluid 
reveal  characteristics  of  the  fluid  and  suggest  how  it 
should  be  handled.  For  example,  it  is  of  primary 
concern  to  know  whether  the  hydrocarbon  fluid  in  the 
reservoir  occurs  as  a  gas  or  as  a  liquid  and  what 
changes  may  take  place  in  the  phase  relations  of  the 
reservoir  fluid  as  pressure  and  temperature  conditions 
change. 

Another  item  of  great  importance  is  the  shrinkage  in 
petroleum  that  takes  place  not  only  because  of  changes 
in  temperature  in  moving  from  the  reservoir  to  the 
surface  but  also  upon  the  liberation  of  gas  from  so- 
lution as  the  pressure  is  reduced.  Some  reservoir 
fluids  shrink  in  volume  more  than  20  percent  in 
reaching  atmospheric  temperatures  and  pressures. 
This  condition  has  a  very  definite  effect  upon  estimat- 
ing reserves  of  oil  in  place. 

The  whole  situation  regarding  the  production  of  oil 
and  gas  has  become  more  complicated  in  recent  years 
with  the  advent  of  curtailed  production  and  the  drill- 
ing to  deeper  horizons  where  high  temperatures  and 
pressures  exist  in  the  reservoir.  Many  wells  drilled 
to  these  deep  zones  produce  large  quantities  of  gas  ac- 
companied by  relatively  small  quantities  of  liquid  that 
has  properties  similar  in  some  respects  to  gasoline  and 
kerosene.  These  wells  frequently  are  referred  to  as 
"distillate"  or  "condensate"  wells.  In  preventing  the 
wasteful  use  of  natural  energy  and  the  loss  of  gas  and 
oil,  a  more  complete  understanding  of  "combination" 
wells  is  necessary.*' 

Engineers  now  are  giving  studied  attention  to  the 
phenomenon  of  retrograde  condensation.  In  common 
ranges  of  pressure  and  temperature,  liquids  are  con- 
densed from  natural  gases  upon  suitable  increase  of 
pressure  or  lowering  of  temperature,  but  within  the 
retrograde  ranges  of  pressure  and  temperature,  liquid 
formation  may  result  from  decrease  of  pressure  or 
increase  of  temperature.  Although  this  physical  be- 
havior has  been  known  and  studied  from  a  scientific 
standpoint  for  many  years  in  connection  with  phase  re- 
lations of  mixtures,  it  was  not  until  about  1933  that 
Lacey  and  associates  **  brought  this  subject  to  the 
definite  attention  of  petroleum  engineers,  and  even 
now  the  complete  applicability  to  production  prac- 


tices is  not  known.  The  reason  this  behavior  is  so  im- 
portant in  oil  and  gas  production  is  that  unless  wells 
producing  in  the  so-called  reti-ograde  ranges  of  pres- 
sure and  temperature  are  operated  correctly,  liquid 
hydrocarbons  will  be  separated  from  the  gas  in  the 
rock  formations  with  attending  loss  of  valuable 
products. 

Although  much  is  yet  to  be  learned  about  production 
methods  as  applied  to  deep-seated  horizons,  some  op- 
erators are  taking  advantage  of  the  phenomenon  of 
retrograde  condensation  and  recovering  greater  quan- 
tities of  hydrocarbon  fluid  from  the  reservoir  than 
would  be  possible  if  the  pressure  were  allowed  to  be  re- 
duced and  liquid  trapped  in  the  pore  spaces.*" 

To  the  end  of  recovering  as  much  fluid  as  possible 
from  reservoirs  under  flowing  conditions  of  operation 
and  reducing  mechanical-lifting  costs,  trends  in  pro- 
duction technique  are  in  the  direction  of  maintaining 
the  pressure  in  the  producing  sands  at  or  near  the  or- 
iginal pressure.  This  is  in  direct  contrast  with  the 
wide-open  methods  of  production  that  were  prevalent 
during  earlier  periods.  Any  reduction  in  pressure 
within  the  reservoir  causes  a  decrease  in  the  energy 
available  for  moving  and  lifting  the  fluid.  The  tech- 
nical details  of  operation  and  the  mechanical  equip- 
ment necessary  to  run  a  pressure-maintenance  plant 
are  complicated,°°  but  the  principle  is  not  new. 

In  substance,  oil  and  gas  are  produced  under  con- 
trolled conditions,  the  liquid  constituents  are  separated 
from  the  gas  in  high-pressure  equipment,  and  the  proc- 
essed gas  is  compressed  and  returned  to  the  producing 
horizon  through  carefully  selected  input  wells  at  a 
pressure  slightly  greater  than  the  pressure  in  the 
reservoir.  Theoretically,  this  recycling  process  should 
bring  virtually  all  of  the  liquid  hydrocarbons  to 
the  surface,  and  in  the  end  a  reservoir  of  gas  should 
remain  to  be  drawn  upon  for  use  as  fuel.  The  proc- 
esses of  pressure  maintenance  in  many  respects  differ 
from  those  of  repressuring  sands  as  a  stimulative 
method  of  secondary  recovery,  referred  to  in  subse- 
quent paragraphs. 

In  older  fields  where  much  of  the  natural  energy 
of  the  reservoir  has  been  exjiended  or  transformed 
without  doing  useful  work,  stunulative  methods  are 
employed.  These  secondary-recovery  methods  some- 
times are  referred  to  as  "harvesting  a  second  crop  of 
oil."  This  designation  is  incorrect  because  so  far  as 
known  there  is  no  recurring  generation  of  petroleum 
in  commercial  quantities  of  which  man  may  be  sen- 


•*'  Eilerts,  C.  K..  .ind  Schellhardt.  M.  A.,  Flcno  Characteristics,  Com- 
position, and  Some  Liqttid-Pha~se  Properties  of  Hydrocarbon  Fluids  from 
a  "Comhinatinn"  Well,  Rept.  o£  Investigations  3402,  Bureau  ot  Mines, 
1938,  34  pp. 

"  Saw,  B.  H.,  Lacey.  W.  N.,  and  Schaafsma,  J.  G..  Behavior  of  Hydro- 
carbcn  Mixtures  Illustrated  by  a  Simple  Case,  Prod.  Bull.  212,  Am.  Pet. 
Inst.,  1033,  pp.  110-12S. 


"Foran.  E.  V..  "Development  and  Production  Problems  of  Higli- 
Pressure  Distillate  Pools,"  Tech.  Pub.  No.  1023,  Petroleum  Technology, 
Am.  In;t.  >Un.  and  Met.  En^rs..  Februiry  1939.  pp.  1-9. 

w  Bennett,  E.  O.,  "Pressure  Maintenance"  ;  Before  Am.  Pet.  Inst.  Mid- 
Year  Meeting,  May  1938,  Oil  and  Oas  Jour.,  June  2,  1938,  pp.  48,  50, 
53,  55-5G.  62. 
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sible.  Actually,  in  this  technique  enerfjy  is  supplied  to 
the  formations  from  external  sources  that  will  cause  ad- 
ditional oil  to  flow  to  the  wells  whence  it  may  be  lifted 
to  the  surface.  The  best  known  methods  of  stimulative 
recovery  are  water  flooding  and  gas  injection.  AVheie 
gas  is  not  available,  air  sometimes  is  used.  Lewis '^^ 
has  described  both  of  these  metluuls  in  detail,  and  the 
technical  literature  contains  many  references  to  these 
subjects. 

The  flooding  of  sands  with  water  was  confined  for 
many  years  to  the  Bradford,  Pa.,  field  and  to  adjacent 
parts  of  New  York  State.  Recently,  however,  other 
States,  particularly  in  tlie  midcontinent,  have  approved 
water-flooding  projects.  The  principles  back  of  intro- 
ducing water  into  special  intake  wells  and  causing  oil  to 
be  forced  through  the  sands  to  recovery  wells  (by  rea- 
son of  the  hydrostatic  pressure,  augmented  by  pressure 
applied  with  pumps)  have  been  undei-stood  for  many 
years.  Tlie  earliest  water  drives  that  came  to  the  at- 
tention of  operators  were  accidental  ones  caused  by 
leaky  casing.  Developments  that  have  made  the 
process  far  more  applicable  than  formerly  are:  (1) 
The  spacing  of  wells  in  definite  patterns,  such  as  the 
"5-spot"°=  and  (2)  the  treatment  of  flood  waters.  The 
water  may  be  filtered  or  treated  with  chemicals,  or  both, 
in  order  that  the  sand  body  subjected  to  a  flood  will  not 
be  plugged  by  the  deposition  of  solid  materials.  It  is 
reported  tliat  in  northeastern  Oklahoma  from  40  to 
60  percent  of  the  remaining  oil  in  the  ground  is  being 
extracted  by  flooding  methods,  and  in  the  Appalachian 
fields  water  flooding  has  added  approximately  600  mil- 
lion barrels  that  never  would  liave  been  recovered  by 
ordinary  methods  of  production. '^^ 

Recent  progress  in  the  use  of  gas  or  air  as  a  repres- 
suring  medium  has  been  in  the  direction  of  improve- 
ment in  mechanical  devices  that  permit  injection  of 
the  gas  under  properly  controlled  cfnulitions.  Better 
advantage  is  being  taken  of  possibilities  of  extracting 
gasoline  from  the  gas  returning  to  the  surface,  and 
with  more  information  available  on  the  characteristics 
of  flow  through  sands,  tiie  injected  gas  is  being  intro- 
duced at  selected  points  in  wells  where  it  will  be  more 
effective  in  driving  oil  to  producing  wells. 

Unfortunately,  many  operators  who  have  used  these 
stimulative  methods  of  recovery  have  done  so  with  in- 
sufficient and  incorrect  advice  regarding  their  appli- 
cation. Wisen  the  method  fails  in  their  expectation, 
tlie  whole  technique  is  condemned.     Actually,  one  of 


the  greatest  needs  now  confronting  the  industry  is  ade- 
quate education  in  the  application  of  the  knowledge 
that  is  available  on  the  subjects  of  secondary  recovery 
and  storage  of  gas  in  partly  depleted  fields.'* 

When  natural  flow  from  wells  ceases,  the  liquid  must 
be  raised  by  mechanical  methods.  The  first  wells  were 
pumped  from  the  walking  beam,  and  the  steam-driven 
drilling  engine  was  used  to  supply  power  for  pumping. 
Some  of  this  early-day  pumjiing  etiuipmcnt  may  still 
be  found  in  operation,  but  in  general  the  industry  has 
changed  to  single-well  pumping  units  that  are  designed 
and  counterbalanced  to  obtain  maximum  mechanical 
efficiency;  or  again,  as  manj'  as  40  wells  may  be  pumped 
at  the  same  time  from  a  central  power  by  means  of  a 
suitable  combination  of  eccentrics,  pull  rods,  and  direc- 
tion-changing mechanisms.  There  are  two  types  of 
these  powers,  the  bandwheel  type  and  the  worm-geared 
power.  In  many  fields  electric  motors  are  used  because 
of  certain  advantages  of  efficiency,  convenience,  and 
smooth  operation,  but  virtually  all  types  of  internal 
combustion  engines  are  used  in  lifting  oil  to  the  surface. 

Engineers  have  made  detailed  studies  of  rod  loads 
with  specially  designed  and  constructed  dynomometers 
to  reduce  rod  breakage  and  pump  troubles  and  to  help 
in  selecting  and  operating  power  luiits  with  i)articular 
reference  to  well  conditions.  One  item  of  pumping 
technique  that  has  been  found  helpful  in  some  fields 
is  the  lifting  of  oil  from  one  or  more  wells  in  addition 
to  the  one  where  the  pumping  unit  is  set.  This  is  done 
by  means  of  rods  actuated  by  a  "back  side"  crank 
attached  to  the  prime  mover."' 

The  inventions  of  well  and  well-head  equipment  that 
now  aid  in  extracting  oil  by  flowing  or  pumping 
methods  are  almost  myriad.  This  fact  is  attested  by 
many  oil-trade  catalogs,  some  of  which  have  the  attri- 
butes of  technical  treatises.  As  in  the  drilling  depart- 
ment, producers  of  oil  could  not  be  supplied  with 
material  and  devices  of  high  tensile  strength  and 
proficient  mechanical  design  wnthout  the  aid  of 
metallurgy. 

Tiie  Oklahoma  City  field  was  a  proving  ground  for 
a  number  of  these  devices  because  of  the  difficult 
pumping  conditions  peculiar  to  that  field  after  natural 
flow  ceased.  The  following  items  of  pumping  equip- 
ment have  been  described  in  considerable  detail : '" 
Single-crank  bandwheel  and  twin-crank  unit ;  sub- 
mersible, electrical,  centrifugal  pumps;  bottom-hole 
flow  devices ;  intermitters ;  stage-lift  pumps ;  pneumatic 


"  Lewis.  J.  O..  Methods  for  Incrcaifing  the  Recovery  from  Oil  Sands, 
Bull,  1-18.  Bureau  nf  ^nnes,  1017,  128  pp. 

"  Simmons,  .\.  C,  '•Recent  Developments  in  Water  Flooding,"  Oil 
Wcikhj,  April  25,  103S,  pp.  10-2G. 

"  Miller,  11.  C,  and  Lindsly,  B:>n  E„  ".\  Report  on  Petroleum  Develop- 
ment and  Production,"  Hearings  Before  a  Subcommittee  of  the  Com- 
miltce  on  Interstate  and  Foreign  Commerce,  House  of  Kcpresentatives, 
on  H.  Res.  Ii'il,  Petroleum  Investigation,  I'JSi,  pt.  2,  p.  1210. 


"  SchcUhardt,  M.  A.,  and  Rawlins,  E.  L.,  Comparison  of  Output  and 
Intal.t  Characteristics  of  Natural-Gas  Wells  in  Texas  Panliandle  Field 
Report  of 'Investigations  .3303,  Bureau  of  Mines,  in.'i6,  2."j  pp. 

"  For  details  of  various  pumping  and.  lifting  practices  see  Oil  and 
Otis  Jour.,  Production  Issue,  February  24,  1938, 

■°  Hill,  H.  B.,  RnwMns,  E.  I>..  and  Bupp,  C.  R.,  Engineering  Report 
on  Oklahoma  Cih/  Oil  Field.  Oklahoma.  Ri  port  of  Investigations  3330, 
Bureau  of  Mines,  1937,  pp.  llC-132. 


358 


National  Resources  Goinmittee 


pumps;  pump-head  units  consisting  of  a  single-acting 
power  cylinder;  hydraulic  pumping  equipment;  and 
bottom-hole  pumps  actuated  by  gas.  These  items,  al- 
though giving  no  indication  of  the  principles  involved 
in  the  operation  of  the  several  mechanisms,  suggest  the 
wide  scope  of  development  in  pumping  equipment  with 
a  view  of  lifting  oil  more  efficiently. 

One  method  of  oil  production  that  has  not  been  men- 
tioned is  the  gas  lift.  Historically,  this  method  dates 
back  to  the  first  years  of  the  industry.^'  In  its  simplest 
form,  the  process  consists  of  injecting  compressed  air  or 
gas  into  a  pipe  closed  at  the  top,  in  which  liquid  stands 
at  a  given  level,  and  in  which  a  tube  extends  from  a 
point  above  the  top  of  the  closed  pipe  to  a  level  below 
the  surface  of  the  liquid.  The  injected  gas  depresses 
the  liquid  level  in  the  pipe  and  causes  it  to  rise  in  the 
eductor  tube  until  some  gas  enters  the  tube.  Wlien 
the  column  of  liquid  in  the  eductor  tube  becomes 
aerated  and  more  gas  enters  the  bottom  of  the  tube,  the 
lightened  column  of  gas-liquid  mixture  will  flow  out  of 
the  top  of  the  eductor  tube.  As  shown  by  Miller,  the 
commercial  applications  in  the  field  are  complex. 

Recent  improvements  in  gas-lift  operation  have  been 
mainly  in  the  development  of  auxiliary  equipment, 
making  it  possible  to  start  flow  at  the  necessarily  high 
pressure  and  automatically  changing  to  a  lower  operat- 
ing pressure.  Intermitters  have  been  devised  so  that 
gas  will  flow  into  the  well  and  lift  the  oil  at  prede- 
termined intervals.  Stage  lifting  with  gas  has  in- 
creased mechanical  efficiency  and  decreased  power 
costs.''  Shaw  °°  has  pointed  out  that  the  gas-lift 
method  of  producing  oil  has  been  regarded  for  many 
years  as  being  adapted  primarily  for  quantity  produc- 
tion. Because  of  improvements  in  design  of  equip- 
ment and  methods  of  operation,  producers  now  may 
use  the  method  advantageously  and  with  profit  in  lift- 
ing small  quantities  of  liquid. 

Several  attempts  have  been  made  in  this  country  to 
apply  mining  methods  to  shallow  sands  that  have  lost 
their  original  gas  pressure  and  have  been  partly  drained 
of  their  oil  content  by  other  types  of  production  oper- 
ations. In  parts  of  France  and  Germany  definite  tech- 
nique to  meet  the  conditions  has  been  developed.  These 
operations  have  been  described  in  detail  by  Rice."*" 
Only  one  or  two  "oil  mines"  are  active  in  the  United 
States.  The  latest  operation  in  Ohio  has  had  such  a 
short  history  that  information  based  on  actual  expe- 
rience is  meagre.    Miller  and  Lindsly  ^^  point  out  gen- 


"  Miller.  H.  C,  Oas-Lift  Method  of  FloioUig  VTella  (California  Prac- 
tice), Bull.  323,  Bureau  of  Mines,  1930.  pp.  2-ri. 

»8Hill,  H.   B.,   Rawlins,  E.  L.,  and  Bopp,  C.   R.,  work  cited. 

'» Shaw,  S.  P.,  "Advancements  in  Gas-Lift  Operations,"  Oi!  Weekly, 
June  21,  1937,  pp.  19-22.       " 

•^f  Rico,  George  S.,  Mining  Petroleum  hy  Vnderground  Methods,  Bull. 
351.  Bureau  of  Mines.  1932.  159  pp. 

"  Miller,  H.  C,  and  Lindsly,  Ben  E..  work  cited,  pp.  1210-1214. 


eral  methods  of  recovering  oil  by  mining.     These  may 
be  summarized  as  follows : 

1.  Excavate  and  convey  the  oil-bearing  sandstone  to 
the  surface  for  washing  with  water  and  chemicals  to 
remove  oil  and  return  the  washed  and  dried  sand 
through  bore  holes  to  the  excavated  workings.  This 
method  is  used  in  working  one  sand  near  Wietze  in  the 
Province  of  Hanover,  Germany. 

2.  Drive  entries  in  the  cap  rock  to  include  a  part  of 
the  top  of  the  oil-bearing  stratum.  Sink  sumps  at  in- 
tervals in  the  oil-bearing  formation  into  which  the 
oil  will  drain  from  the  sand  by  gravity,  whence  it  may 
be  pumped  to  the  surface  with  suitable  equipment.  This 
method  also  is  used  at  Wietze. 

3.  Drive  galleries  in  an  impervious  stratum  above  the 
oil-bearing  formation  and  sink  pits  completely  through 
the  oil  sand  into  a  lower  impervious  stratum.  Collect 
the  oil  from  sumps  and  pump  it  to  the  surface  as  in 
item  2.  This  method  is  used  at  Pechelbronn,  Alsace, 
France. 

4.  Sink  shafts  and  bore  wells  into  the  oil  sand,  as  in 
the  so-called  Ranney  method  ^-  of  which  there  are  sev- 
eral variations. 

In  one  type  of  operation  a  small  shaft  may  be  sunk 
to  an  impervious  stratum  below  the  oil  sand  and  a 
system  of  tunnels  and  cross  cuts  may  be  driven  from 
the  bottom  of  the  shaft.  Care  must  be  taken  that  no 
oil,  gas,  or  water  leak  into  the  shaft.  Small  diameter 
wells  with  casings  tightly  sealed  to  the  impervious 
rock  are  driven  upward  from  the  cross  cuts  into  the 
oil  horizon.  Gas  is  forced  into  the  oil  sand  under 
pressure  through  the  wells  of  one  cross  cut  (pressure 
tunnel).  The  purpose  is  to  stimulate  flow  along  a 
straight  front  to  the  wells  of  an  adjacent  cross  cut 
(producing  tunnel)  from  which  oil  is  extracted.  A 
modification  is  to  sink  a  shaft  to  a  desired  level,  and 
from  its  bottom  to  drill  holes  into  the  producing  sand 
for  a  distance  of  1,000  feet  or  more.  These  small 
diameter  holes  may  be  horizontal  or  their  direction 
may  be  turned  upward  or  downward  as  desired.  It  is 
claimed  that  this  modification  will  reduce  the  cost  of 
oil  mining. 

Rice  ^'  has  pointed  out  the  limitations  in  mining  for 
petroleum.  He  refers  to  the  unsuitability  of  mining 
to  areas  that  have  high  pressures  of  gas,  oil,  or  water 
in  the  sand,  and  suggests  a  possible  limiting  depth  of 
4,000  feet.  Costs  seem  to  be  the  controlling  factor,  and 
although  oil  mining  has  certain  applications,  the  pres- 
ent restricted  scope  of  its  use  in  this  country  indicates 
that  the  petroleum  industry  is  not  ready  to  apply  the 
method  widely. 


•=  Ranney.    Leo,    'Oil    Mining    for    the    Pennsylvania    Fields,"    Proo. 
Engr's.  Soc.  Western  Pa.,  vol.  47,  no.  6,  June  1931,  p.  315  and  following. 
"»  Rice,  Geo.  S.,  worls  cited,  p.  3. 
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Certain  metliods  that  depend  uijon  thermal  reactions, 
such  as  injecting  live  steam  and  heated  gases  under 
high  pressure  into  the  sands,  have  been  tried  on  an  ex- 
perimental basis. 

Some  time  during  the  declining  life  of  virtually 
every  oil  field  the  problem  of  brine  disposal  becomes 
an  important  factor.  Although  brine  disposal  is  not 
a  production  method,  as  such,  it  is  closely  related  to 
the  extraction  of  oil  and  gas  and  in  some  fields  is  a 
controlling  factor  in  economic  operation.  In  fields 
close  to  the  ocean  oil  producers  have  organized  coop- 
erative, nonprofit,  brine-disposal  companies  that  col- 
lect and  pipe  the  brine  to  points  where  no  harm  will 
result  from  its  disposal.  Conditions  in  fields  that  are 
inland  make  the  {jroblem  more  diflicult.  However, 
most  operators  endeavor  to  avoid  dumping  brines 
where  they  will  injure  supplies  of  potable  water,  cause 
excessive  mineralization  of  surface  streams,  destroy 
mai'ine  animal  life,  or  interfere  with  agricultural  and 
recreational  pursuits.  Scientific  studies  have  shown 
that  in  many  fields  brines  can  be  injected  into  suitable 
porous  hoi'izons  and  other  petroleum  wastes  can  be  dis- 
posed of  without  harmful  effects."*  In  underground 
disposal  one  of  the  most  important  advances  is  in  treat- 
uig  water  before  injection  so  that  precipitates  or  other 
solid  materials  will  not  plug  the  formations."^  In  this 
respect  the  problem  is  closely  related  to  the  stimulative 
method  of  water  flooding,  and  on  some  properties  the 
two  objectives  are  served  by  the  same  treating  plants 
and  injection  wells. 

Water  affects  the  economic  production  of  oil  in  many 
harmful  ways  if  not  handled  properly.  One  effect  of 
water  that  has  cost  the  industry  millions  of  dollars  is 
the  formation  of  emulsions  consisting  of  droplets  of 
one  liquid  suspended  in  another."*  Wlien  water  is 
produced  with  oil,  mechanical  agitation  is  likely  to  dis- 
perse small  droplets  of  the  water  throughout  the  entire 
body  of  the  oil.  Such  a  mixture  is  called  "cut  oil," 
and  a  water-in-oil  emulsion  is  referred  to  commonly 
as  "B.  S.  and  W."  Oils  in  this  condition  or  with  water 
suspended  in  them  are  not  merchantable,  and  the  emul- 
sions must  be  "broken"  with  subsequent  separation  of 
the  oil  and  water.  Principal  methods  of  breaking 
emulsions  are:  (1)  Application  of  heat  followed  by 
settling;  (2)  addition  of  chemicals  followed  by  set- 
tling; and  (3)  electrical  dehydration.  Centrifuges 
also  have  been  used  to  separate  water  from  oil. 


**  SchmicK:,  Ludwlg,  and  Wllhelm,  C.  J..  Disposal  of  Petroleum  Wasten 
on  Oil-Producing  Properties,  Kept,  of  Investigations  3304,  Bureau  of 
Mines,  1938,  25  pp. 

'"T;iylor,  Sam  S..  Wllhelm.  C.  J.,  and  Holliman,  W.  C.  Typical  Oil- 
Field  Briyje-Cotiditioniitf]  ^pstctns;  Preparing  Brine  for  Subsurface  In- 
jection. Kept,  of  Investigations  3434.  Bure.iu  of  Mines,  In  cooperation 
with  Kansas  State  Board  of  Health,  1939,  71  pp. 

"Dow,  D.  B..  Oil-Field  Emulsions,  Bull.  250,  Bureau  of  Mines,  1926, 
112  pp. 


In  recent  years  nmch  has  been  done  to  prevent  the 
formation  of  emulsions.  Attention  is  being  given  to 
the  repair  of  wells  that  produce  water,  design  of 
pumps — both  in  the  wells  and  at  the  surface,  straight- 
ening of  flow  lines  and  connections  to  reduce  turbulent 
flow ;  and  to  removing  conditions  that  cause  gas  to  jet 
into  mixtures  of  oil  and  water.  Advances  in  practice 
that  have  resulted  from  technical  research  on  the  emul- 
sion problem  during  the  last  13  years  are  discussed  in 
detail  by  Shea."' 

The  significance  of  newly  found  engineering  facts 
and  resulting  changes  in  production  technology  (a 
few  of  which  have  been  discussed  in  this  section)  can 
not  be  bounded  by  definite  calendar  limits.  As  in 
virtually  all  research,  several  years  may  be  required 
to  bring  new  ideas  to  a  state  of  satisfactory  practical 
application.  Howevei",  there  appears  to  be  a  definite 
trend  toward  greater  efficiency  and  higlier  extraction. 
Less  than  10  years  ago  frequent  reference  was  made 
to  recoveries  ranging  from  10  to  20  percent  of  the  oil 
originally  contained  in  the  reservoir.  Available  fig- 
ures show  that  fields  operated  in  accordance  with  pres- 
ent knowledge  of  fluid  and  energy  relations  in  the 
reservoirs  and  employing  up-to-date  equipment  will 
produce  40  to  45  percent  of  their  original  oil.  Some 
fields  still  in  their  producing  lives  where  pressure  main- 
tenance has  been  practiced  and  where  the  available 
energy  in  the  reservoir  has  been  used  advantageously 
have  had  recoveries  as  high  as  70  percent  of  the  oil 
originally  contained  in  the  formations."* 

Transportation  and  Storage 

Tlie  insistent  urge  for  market  outlet  of  the  oil  pro- 
duced along  Oil  Creek,  Pa.,  and  vicinity  during  the 
first  years  of  the  industry  soon  brought  a  change  in 
modes  of  transportation.  The  teamsters  who  hauled 
the  oil  in  wooden  barrels — sometimes  receiving  $2.50  to 
$5.00  per  barrel  for  hauls  ranging  from  8  to  20  miles — 
and  the  men  who  barged  their  barrelled  cargoes  to 
steamers  waiting  on  the  Allegheny  River,  opposed  the 
inevitable  change.  The  first  rail  transportation  began 
in  1865,  and  during  that  same  year  the  first  successful 
oil  pipe  line  was  put  in  operation,  culminating  a  period 
of  experimentation  that  was  not  always  encouraging. 
The  first  rail  transportation  of  oil  was  in  what  were 
termed  "rotary  oil  cars."  This  rolling  stock  was  little 
more  than  a  flat  car  upon  which  were  fastened  two 
tanks;  sometimes  built  of  iron  but  more  often  of 
wooden  staves  with  iron  hoops.    Tlie  capacity  of  the 


<"  Sbea,  G.  B.,  Practices  and  Methods  of  Preventing  and  Treating 
Crude-Oil  BmuUions,  Bulletin  417.  Bureau  of  Mines,  1939. 

"  Petroleum  and  Natural  Gas  Division  and  the  Petroleum  Economics 
Division.  United  States  Bureau  of  Mines,  "Conservation  of  Petroleum 
and  of  Natural  Gas,"  Sec.  IV.  Paper  12,  Third  World  Power  Conference, 
Washington,  1936,  vol.  VI,  p.  771. 
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cars  ranged  from  SO  to  100  barrels.  A  definite  change 
in  design  took  place  about  1868  when  horizontal  tanks 
of  iron  were  built.  These  were  fitted  with  domes  that 
permitted  the  expansion  of  the  vapors  in  the  tank,  and 
valves  were  provided  that  could  be  opened  or  closed 
only  with  a  special  type  of  wrench."^ 

From  that  time  improvements  continued  with  the 
result  that  today  tank  cars  are  pressure  vessels,  prop- 
erly riveted  or  welded,  usually  with  bumped  heads, 
mounted  on  substantial  trucks,  and  meeting  the  re- 
quirements of  service  in  accordance  with  rigid  speci- 
fications of  the  Interstate  Commerce  Commission. 
Some  containers  now  used  in  transporting  highly 
volatile  liquids  or  gases  under  pressure  are  composed 
of  large  steel  cylinders  manifolded  with  high-pressure 
connections  and  fittings.  Items  that  have  added  to  the 
safety  and  economy  of  rail  transportation  of  petro- 
leum and  its  products  are  positive-acting  safety  valves, 
dome  covers  that  permit  gaging  and  loading  without 
loss  of  vapors,  outlet  valves  with  positive-type  seats, 
insulation  to  maintain  the  contents  of  the  tanks  at 
relatively  even  temperatures  and  thereby  reduce  evap- 
oration losses,  alloys  that  increase  the  tensile  strengtli 
and  reduce  corrosion  by  chemicals  used  in  the  petro- 
leum industry,  and  better  design  and  sturdier  con- 
struction of  the  trucks  and  supporting  structure  of 
the  tank.  Today  the  major  transport  service  of  tank 
cars  is  in  the  shipment  of  refined  products. 

The  pipe  line  successfully  operated  in  1865  was  2 
inches  in  diameter,  5  miles  long,  and  handled  30  or  40 
barrels  an  hour,  pumped  in  two  stages."  Despite  op- 
position, some  times  at  the  point  of  rifles,  pipe  lines 
spread  rapidly  because  it  soon  became  evident  that 
there  was  no  better  way  of  transporting  fluids — for  . 
the  principle  is  fundamental.  By  1879  oil  was  being 
pumped  over  the  Allegheny  Mountains,  and  some 
years  later  a  line  from  the  Pennsylvania  fields  to  the 
Atlantic  seaboard  was  completed.  In  order  to  reach 
the  refinery  it  was  necessary  to  lay  a  portion  of  the 
line  under  Newark  Bay  and  Staten  Island  Sound. 
This  eff'ort,  completed  with  difficulty,  probably  was 
the  first  submerged  line  laid  in  deep  water.'^ 

Natural  gas  was  distributed  by  pipe  line  even  before 
oil,  as  the  first  recorded  use  of  natural  gas  in  this  coun- 
try was  in  1821  near  Fredonia,  N.  Y.  Several  of  the 
early  lines  were  hollowed  logs  joined  together  with 
metal  sleeves.     It  is  reported  that  a  natural-gas  line. 


"  For  .1  more  detailed  account  of  the  development  of  tank  cars,  see 
Oil  and  Gas  Jour.,  Diamond  Jubilee  Number,  August  23.  1934,  p.  23. 

™  Sneddon.  R.,  Kiessling,  R.  L.,  Ross,  J.  S.,  Hopkins.  G.  R.,  "Advances 
in  Transportation  and  Storage  Techniques,"  Mineral  Technology.  Em- 
ploi/ment,  and  Output  per  Man  in  Petroleum  and  Natvral-Oas  Produc- 
tion, ch.  TX.  Works  Progress  Administration.  National  Research  Project 
in  cooperation  with  the  Bureau  of  ^nnps,  1939. 

■"  Oil  and  Oas  .Jour.,  Diamond  Jubilee  Number,  August  23.  1934,  pp. 
65-57. 


21-2  miles  long,  was  laid  in  Marietta,  Ohio,  in  1857, 
and  a  2-inch  iron  pipe  conveyed  natural  gas  to  Titus- 
ville,  Pa.,  in  1872,  from  a  source  5  miles  away.'^ 

Tliere  are  now  about  110,000  miles  of  trunk  and 
gathering  lines  for  crude  oil,  about  6,000  miles  of  gaso- 
line trunk  lines,  and  80,000  miles  of  main  transmission 
and  gathering  lines  for  natural  gas  that  form  a  network 
covering  virtually  all  parts  of  the  country. 

The  main  details  of  construction  are  generally  similar 
for  oil  and  natural-gas  pipe  lines.  Looking  backward 
to  an  earlier  period,  it  is  recalled  that  the  "tong  gang," 
making  up  a  screw  joint  to  the  rhythmic  beat  of  a  ham- 
mer on  the  coupling,  was  a  colorful  picture  of  coordi- 
nated man  jiower.  However,  "pipe  lining"  of  that 
period  had  its  limitations,  and  even  the  introduction  of 
special  kinds  of  flanges,  couplings,  and  bell  and  spigot 
joints  to  join  lengths  of  pipe  did  not  have  the  effect  on 
pipe-line  technique  that  was  caused  by  the  introduction 
of  line-welding  methods.  This  innovation  began  to  be 
felt  in  long-distance  transmission  of  natural  gas  about 
1927.  Previous  to  that  time  a  natural-gas  transmission 
line  250  miles  in  length  was  an  outstanding  engineering 
accomplishment.^' 

However,  the  technique  of  oxyacetylene  welding  had 
been  developing  in  the  construction  of  relatively  short 
oil  lines  for  several  years.  About  1928  electric  weld- 
ing in  the  field  led  to  other  improvements.  Here, 
again,  these  advancements  could  not  have  been  made 
without  the  aid  of  metallurgical  research  that  per- 
mitted the  rolling  mills  to  supply  longer  lengths  of 
larger  diameter  pipe  made  of  high  carbon  steel  of 
greater  tensile  strength.  Seamless  pipes  now  are 
rolled  that  have  tensile  strengths  ranging  from  64,000 
to  80,000  pounds  per  square  inch.  New  types  of  flame 
tips  for  torches  used  in  oxj'acetylene  welding  and  weld- 
ing rods  suited  to  the  requirements  of  either  gas  or 
electric  welding  have  made  it  possible  to  increase  speed 
and  to  improve  the  strength  of  joints. 

Concurrently  with  better  welding  technique  and  an 
increase  in  the  strength  of  materials  used  in  building 
the  lines  came  new  types  of  mechanical  equipment  for 
hauling,  ditching,  stringing,  laying,  painting  ("dop- 
ing"), and  back  filling.  Some  of  these  machines  are 
almost  uncanny  in  their  precision  of  movement.  For 
reconditioning  old  lines  one  type  strips  the  dirt  cover 
from  buried  pipe  without  puncturing  it.  If  the  line 
has  threaded  connections,  a  macliine  is  available  to 
unscrew  and  screw  the  joints  of  pipe.  Some  types 
of  cleaning  machines  for  both  old  and  new  pipe  propel 
themselves  along  the  length  of  the  pipe.  They  are 
equipped  with  scrapers  and  wire  brushes  to  remove 
mill  scale,  rust,  and  dirt.    Another  machine  applies  a 


^^  Oil  and  Oas  Jour.,  Diamond  Jubilee  Number,  August  23.  1934,  p.  41. 
"Federal  Oil  Conservation  Board,  Report  ir.  May  1928,  1930,  p.  10. 
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smooth  coat  of  hot  "dope"'  of  any  desired  thickness  and 
immediately  wraps  the  pipe  with  a  tight  spiral  pro- 
tective coverin<^  of  paper,  which  may  he  iniprefrnated, 
or  other  fibrous  material  to  protect  ajjiainst  corrosion. 

Excavators  of  different  types,  back-filling  machines, 
and  trucks  and  tractors  equipped  with  winches  and 
booms  are  doing  work  more  quickly  and  effectively 
than  was  possible  with  manual  labor. 

Maintenance  problems  begin  almost  as  soon  as  a  new 
line  is  completed.  Some  soils  arc  especially  destruc- 
tive to  pipe  lines  because  of  their  corrosion-inducing 
characteristics,  and  stray  electrical  curi'ents  cause 
pitting  in  and  subsequent  leakage  from  lines  if  pro- 
tective measures  are  not  taken.  Soil  surveys,  corrosion 
tests,  and  other  studies  made  in  field  and  laboratory 
have  circmnvented  manj'  of  these  difficulties.  Research 
conducted  by  the  National  Bureau  of  Standards,  in 
cooperation  with  the  American  Gas  Association  and 
the  American  Petroleum  Institute,  has  contributed 
greatly  to  the  efficacy  of  measures  taken  to  extend  the 
working  lives  of  pipe  lines.'' 

If  a  certain  locality  is  found  to  be  a  "hot  spot,"  as,  for 
example,  nuirshy  ground  where  the  soil  is  especially 
acid  in  its  reactions,  it  may  be  economical  to  change 
the  coui'se  of  the  proposed  lino.  If  this  is  not  feasible, 
extra  precautions  nuiy  be  taken  in  the  way  of  protec- 
tive coatings,  or  corrosion-resisting  materials  may  be 
used  in  the  manufacture  of  the  pipe.  The  kinds  of 
protective  materials  difier  widely  in  specification  and 
may  be  "dopes"  of  asphaltic  material,  various  kinds  of 
enamels,  or  fibrous  materials,  such  as  paper  or  felts. 
Frequently  a  combination  of  coatings  is  used.  These 
may  be  applied  either  at  the  factory  or  in  the  field. 

During  the  research  being  conducted  by  tlie  National 
Bureau  of  Standards,  a  relation  was  found  between 
electrical  currents  traveling  in  the  pipe  and  soil  and 
certain  types  of  corrosion.  To  combat  this  condition, 
cathodic  protection  "  was  devised  in  which  low-voltage 
currents  are  sent  through  lines.  If  the  lines  are  prop- 
erly energized,  the  electrolytic  action  is  reduced. 
Electric  generators  propelled  by  wind  power  are  used 
on  many  lines.  Geophones  and  radio  equipment  have 
been  developed  to  detect  leaks. 

In  natural-gas  transportation,  leakage  at  one  time 
was  responsible  for  the  loss  of  such  large  volumes  of 
gas  that  between  1922  and  1928  the  Natural  Gas  Asso- 
ciation of  America  (now  the  Natural  Gas  Section  of 
the  American  Gas  Association)  and  the  Bureau  of 
Mines  conducted  fundamental  research  and  field  tests 


tn  di'ti  iiuine  (luantities  lost  and  means  of  prevention.^" 
The  results  of  this  study  have  been  instrumental  in 
causing  the  leakage  problem  in  long-distance  trans- 
mission of  natural  gas  to  be  reduced  to  one  of  minor 
importance.  However,  the  repair  of  offending  lines 
did  not  mean  that  the  work  was  ended  for  the  operat- 
ing companies.  The  replacement  of  screwed  lines  with 
welded  lines  and  the  laying  of  new  lines  of  better  con- 
struction were  large  factors  in  reducing  these  losses, 
but  as  the  age  of  any  line  increases,  the  likelihood  of 
leakage  becomes  more  acute,  and  periodic  leakage  sur- 
vey's are  a  part  of  the  operating  procedure  of  every 
natural-gas  transporting  conij^any. 

Another  operating  problem  of  tiie  natural-gas 
industry  is  the  plugging  and  consequential  interrupted 
service  in  main  trunk  lines  supplying  gas  to  market 
outlets.  Substances  known  as  gas  hytlrates  that  have 
the  outM'ard  appearance  of  ice  or  icy  slush  sometimes 
form  in  lines  that  are  operated  under  high  pressures. 
These  gas  hydrates  are  combinations  of  M-ater  and 
hydrocarbons  that  begin  to  solidify  at  temperatures 
above  32°  F.,  the  temperature  at  which  water  fi'eezes. 
Research  in  which  the  Bureau  of  Mines  and  the  Amer- 
ican Gas  Association  have  cooperated  has  revealed 
much  information  regarding  the  deposition  and  char- 
acteristics of  these  substances  and  methods  of  prevent- 
ing their  formation.  Means  taken  to  cope  with  this 
condition  are  careful  control  of  operating  pressures  in 
the  lines,  dehydration  of  the  gas  before  it  is  pumped 
into  the  lines,  and  treatment  of  the  gas  with  small 
quantities  of  annnonia  and  other  suhstances." 

Oil  will  not  flow  nor  gas  travel  of  their  own  accord 
for  any  great  distance  through  pipe  lines.  Therefore, 
(lie  heart  of  the  pi]ie-line  system  is  the  pump  or  com- 
pressor station.  Many  crude-oil  pumps  are  of  the 
reciprocating  type  and  arc  massive  in  construction. 
Main-line  crude-oil  pump  stations  have  been  built  with 
a  total  capacity  for  handling  198,000  barrels  i)er  day. 
An  outstanding  achievement  in  oil  transportation  was 
(he  development  of  equipment  that  would  pump  liglit 
products  such  as  gasoline  over  long  distances  through 
large-diameter  lines.  Although  gasoline  was  pumped 
a  distance  of  2  miles  through  a  2-inch  line  in  Cali- 
fornia as  early  as  1912,  about  14  years  elapsed  before 
1 1  link-line  transportation  of  gasoline  became  an  actual- 
ity. This  was  made  possible  by  multiple-stage  centrif- 
ugal pumps  of  which  there  are  now  several  types. 
These  may  be  driven  by  gas  engines,  Diesel  engines,  or 


'*  Ewing.  Scott,  Soil  Corrosion  and  Pipe  Line  Protection,  Amer.  Gas 
Assoc,  1938,  277  pp. 

Logan,  Kirk  IT.,  "Recent  Developments  Related  to  rndersround  Cor- 
rosion," Oil  and  Onst  .lour..  September  22,  19:!8,  pp.  212,  214,  210. 

'^  See  works  ot  Ewing  and  Logan,  footnote  74. 


"Rawlins,  E.  L.,  and  Wosk,  L.  D.,  Leakage  from  High-Pressure  Nat- 
ural-Oas  Transmission  Lines,  Bull.  20,'),  Bureaii  of  Mines,  1028,   108  pp, 

"  Deatnn,  W.  M.,  and  Frost,  E.  M.,  "Gas  Hydrates  in  Natural-Gas 
ripe  Lines,"  Proceetlinijs,  Xatural  Oas  Department,  American  Oas  Asso- 
cUition.  I'.)^.  pp,  23-31.  "Gas  Uydrates, '  presented  before  1938  annual 
meeting  Natural  Oas  Department,  American  Gas  Association.  See  Oas 
Age,  May  26,  I93S,  pi>.  3:{-34,  and  Gas,  .Tune  1938,  pp.  31-32. 
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electric  motors.  Compact  single  units  of  700  horse- 
power capable  of  handling  38,000  barrels  of  gasoline  in 
24  hours  are  quite  in  contrast  with  older  types  of  heavy 
pumps  used  in  crude-oil  transportation. 

Booster  and  main-line  compressor  stations  on  nat- 
ural-gas lines  serve  the  same  relative  purpose  as  pump 
stations  on  oil  and  gasoline  lines.  Some  of  the  newer 
stations  are  tlie  acme  of  mechanical  perfection,  capable 
of  handling  60  to  70  million  cubic  feet  of  gas  per  24 
hours. 

In  both  oil  and  natural-gas  transportation,  communi- 
cation is  an  important  factor.  Oil  is  dispatched 
through  pipe  lines  in  much  the  same  way  that  trains  are 
sent  out  on  schedule  over  a  railroad  system.  Because 
of  this  precision  in  dispatching,  crude  oil,  distillate,  or 
gasoline  that  meets  a  certain  specification,  may  be  de- 
livered to  a  refiner  or  marketer  with  an  overlap,  or 
mixing,  that  is  only  a  few  barrels  when  compared  with 
the  total  shipment.  Constant  communication  is  an  es- 
sential requirement  in  maintaining  uninterrupted  serv- 
ice in  natural-gas  distribution  to  meet  changing  load 
and  w'eather  conditions. 

In  1930  working  pressures  of  350  or  400  pounds  per 
square  inch  were  commonly  used  in  the  long-distance 
natural-gas  transmission  lines  then  in  operation.  How- 
ever, attention  was  directed  to  certain  economies  of 
smaller  diameter  pipe  with  greater  wall  thickness  "un- 
der pressures  as  high  as  1,500  pounds  per  square  inch."  '* 
Although  a  majority  of  natural-gas  lines  still  are  be- 
ing operated  at  pressures  ranging  from  300  to  400 
pounds  per  square  inch,  several  lines  are  operated  at 
much  higher  working  pressures,  and  700  to  800  pounds 
per  square  inch  is  not  uncommon.  A  12-inch  line  ex- 
tending from  Charlteston,  W.  Va.,  to  Pittsburgh,  Pa., 
a  distance  of  about  90  miles,  has  been  built  for  ultimate 
operation  at  1,500  pounds  per  square  inch,  although 
the  present  maximum  operating  pressure  is  1,300  pounds 
per  square  inch."  The  pressures  for  crude-oil  pipe 
lines  usually  are  less  than  those  for  natural  gas,  al- 
though some  of  the  newer  gasoline  lines  work  at  pres- 
sures of  800  to  900  pounds  per  square  inch. 

The  diameters  of  the  pipes  handling  oil  also  differ 
from  those  laid  expressly  to  transport  natural  gas. 
Diameters  of  crude-oil  trunk  lines  usually  fall  within 
the  range  of  8  to  14  inches,  whereas  natural-gas  trunk 
lines  may  be  36  inches  in  diameter,  although  12  to  18 
inches  are  sizes  more  commonly  used. 

Much  has  been  done  in  developing  flow  formulas  for 
crude  oil,  gasoline,  and  natural  gas.  Liquid  flow  in 
pipes  has  been  the  subject  of  several  published  treatises, 
and  the  effect  of  power  profiles  on  the  placing  of  pump 


stations  has  been  discussed.*"  Special  studies  have 
been  made  on  natural-gas  transmission  resulting  in  the 
derivation  of  formulas  suitable  for  computing  the  flow 
through  high-pressure  natural-gas  transmission  lines. 
It  is  now  possible  to  design  a  new  line  or  parallel  an 
existing  line  to  meet  any  specified  requirements.*^  The 
overall  effect  of  this  continued  attention  to  the  tech- 
nical phases  of  pipe-line  construction  and  operation  is 
more  efficient  flow  of  both  oil  and  gas  and  the  balanc- 
ing of  load  factors  that  will  assure  more  economic  op- 
eration and  the  continuous  delivery  of  these  essential 
fluid  minerals  to  ultimate  consumers. 

Aerial  mapping,  discussed  under  exploration,  also 
has  reduced  the  time  and  cost  of  making  reconnais- 
sance surveys  of  rights-of-way  for  new  lines  over 
broken  ground  and  has  revealed  errors  in  previous  land 
surveys. 

Marine  transportation  of  petroleum  appeals  to  every 
person  who  finds  romance  in  ships  and  the  sea.  On 
the  practical  side,  the  volume  of  cargo  ranks  second 
only  to  pipe-line  shipments.  Not  only  is  oil  carried 
to  distant  foreign  ports,  but  petroleum  and  its  products 
constitute  a  large  tonnage  in  coastwise  and  inland- 
waterway  traffic  of  the  United  States.  Barging  did  not 
stop  with  the  shipments  on  Oil  Creek.  Large  barges 
with  tight  compartments  fitted  in  their  hulls  carry  oil, 
refined  products,  and  asphaltic  materials  wherever  the 
depth  of  water  permits  them  to  float.  Cost  is  a  large 
factor  in  the  competition  between  water  and  pipe-line 
shipments  in  this  country. 

A  sailing  vessel,  The  Charles,  was  fitted  with  iron 
tanks  and  carried  oil  during  the  years  1869-72.  Tank 
steamers  began  to  appear  about  1872.  The  modern 
tanker  represents   the  best  efforts   of   marine   archi- 

Improvements  in  loading  and  unloading  facilities 
have  kept  pace  with  increased  speeds  and  larger  capac- 
ities of  ocean-going  tankers.  Welded  plates  have  de- 
creased corrosion  of  the  hulls  and  aided  in  cleaning  the 
interiors  of  the  compartments.  Gi'eater  efficiency  has 
been  developed  in  both  steam  turbine  and  turbo-elec- 
tric types  of  propelling  machinery.    Diesel  engines  also 


™  Federal  Oil  Conservation  Board,  Report  IT,  May  28,  1930,  p.  13. 
•^  Gas  Age,  January  19,  1939,  p.  42. 
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are  used  and  are  especially  adapted  to  sliallow-draft 
tankers  because  of  their  light  weight  and  compact  di- 
mensions, thus  giving  more  space  for  oil  cargo. 

At  some  terminals  it  is  impossible  for  the  tankers 
to  dock  at  wharves  because  of  shallow  water.  Under 
these  conditions  ingenious  marine  pipe  lines  have  been 
laid  to  points  off  shore  where  the  tankers  can  anchor. 
Some  of  these  lines,  over  a  mile  in  length,  have  been 
laid  first  on  shore  and  then  pulled  out  to  the  terminal 
point  with  tug  boats.  Automatic  equipment  at  both 
tlie  shore  and  water  ends  of  the  loading  line  are  requi- 
site to  safe  loading.  If  a  break  in  the  line  or  flexible 
connection  to  the  tanker  should  occur,  quick-closing 
valves  immediately  go  into  action,  and  spillage  is  almost 
negligible. 

Storage  tanks  and  containers  of  a  wide  variety  of 
sizes,  shapes,  and  strength  are  required  from  the  time 
oil  first  reaches  the  surface  of  the  ground  until  its 
products  are  consumed.  The  first  tanks  were  of  wood 
without  tops.  This  construction  caused  great  losses 
of  petroleum  vapors  rich  in  gasoline.  Although  some 
wooden  tanks  equipped  with  vaportight  roofs  now  are 
used  in  fields  where  the  oil  is  jiroduced  with  corrosive 
hydrogen  sulphide  gas  and  the  oils  have  a  high  con- 
tent of  sulphur  compounds,  most  of  the  material  used 
in  tank  building  is  steel.  At  different  periods  through- 
out the  history  of  tlie  industry  when  tankage  has  not 
been  available,  oil  has  been  stored  in  earthen  pits  with 
resulting  loss  from  seepage  and  evaporation,  but  this 
wasteful  practice  is  not  generally  current.  Various 
types  of  riveted,  bolted,  and  welded  tanks  are  available 
from  manufacturers.  An  outstanding  exception  is  the 
concrete  reservoir.  Some  companies,  particularly  in 
California,  have  found  it  advantageous  to  store  large 
quantities  of  heavy  crude  oil  (sometimes  over  1  million 
barrels)  in  one  storage  container,  most  of  which  is  be- 
low the  surface  of  the  ground.  The  reservoirs  are  pro- 
tected against  lightning  with  grounded  networks  of 
wire  supported  by  steel  towers. 

To  provide  working  stocks  of  petroleum,  tank  farms 
are  built  at  strategic  places  near  oil  fields,  along  pipe 
lines,  and  at  refineries.^'  Most  of  these  large  storage 
tanks  hold  55,000  or  80,000  barrels  of  crude  oil  each. 
The  building  of  these  structures  requires  the  solving  of 
many  diflicult  engineering  problems.  Tanks  of  smaller 
capacity  usually  are  i^rovided  for  the  storage  of  refined 
products. 

One  of  the  greatest  achievements  in  technical  ad- 
vancement is  the  reduction  in  evaporation  losses  from 


storage  containers  of  all  types.**  Surveys  made  by  the 
Bureau  of  Mines  in  the  midcontinent  area  during 
1920-24  showed  tiiat  the  over-all  loss  from  the  time  the 
oil  left  the  wells  until  it  was  processed  through  the  re- 
finery was  about  8  percent  of  the  volume  of  oil 
handled.  A  more  recent  survey  indicates  that  im- 
proved methods  and  equipment  have  reduced  this  loss 
to  less  than  3  percent.  Considering  the  quantities  of 
oil  handled,  this  reduction  in  loss  is  equivalent  to  a 
saving  of  millions  of  dollars.*"  This  improvement 
has  been  brought  about  through  various  ways,  but 
all  efforts  are  directed  toward  vaportight  tankage 
and  minimizing  losses  caused  by  "breathing."  This 
acticm  is  tlie  alternate  expulsion  of  vapors  from  a 
tank  and  the  drawing  in  of  air  caused  by  changes  in 
temperature.  To  reduce  this  effect  tanks  are  painted 
light  colors,  cooled  with  water,  or  insulated  with  heat- 
resisting  materials.  Various  types  of  roofs  keep  the 
vapor  space  of  a  tank  at  a  minimum.  Some  roofs  float 
on  the  siu-face  of  the  liquid,  and  others,  of  the  dia- 
phragm type,  move  to  correspond  with  the  vapor  condi- 
tions in  the  tank.  Still  other  tanks  are  equipped  with 
breather  bags  or  flexible  metal  containers  that  permit 
movement  of  the  expelled  vapoi'S  without  loss  to  the  air. 

Oils  that  are  highly  volatile  are  stored  in  tanks  of 
spherical  or  spheroidal  shape.  This  type  of  construc- 
tion permits  greater  internal  pressures  without  rupture 
than  can  be  placed  on  cylindrical  tanks.  Vacuinn  and 
relief  A'alves  now  arc  standard  equipment  on  all  well- 
constructed  tanks.  These  valves  hold  a  predetermined 
pressure  within  a  tank  and  act  as  safety  valves  before 
hazardous  pressures  are  reached. 

Containers  for  stored  products  at  service  stations 
and  for  domestic  uses  are  familiar  sights,  but  many 
persons  do  not  realize  that  engineering  thought  and 
careful  testing  are  back  of  the  safety  and  convenience 
of  all  this  equipment  that  serves  the  individual  in  daily 
work,  recreation,  and  home  comforts.  In  like  man- 
ner, throughout  the  whole  transporting  systems  for 
petroleum  and  natural  gas,  engineering  accomplish- 
ment has  made  possible  the  uninterrupted  flow  of  hy- 
drocarbon fluids  from  wells  to  manufacturing  plants 
and  consumers. 

Refining 

The  refining  branch  of  the  petroleum  industry  trans- 
forms crude  oil  into  usable  products  for  which  a  de- 


"  Survey  of  Crude  Oil  in  Storage,  1336-1937,  Rept.  of  Investiga- 
tions 3417,  Bureau  of  Mines,  prepared  by  Petroleum  Economics  Divi- 
sion and  Petroleum  and  Natural  Gas  Division,  1938,  Appendix  1,  Crude 
Oil   Tanlis,   pp.   35-42. 


"  Schmidt,  Ludwig,  AppUed  MctJioig  and  Equipment  for  Reducing 
Evaporation  Losses  of  Petroleum  and  Oasoline,  Bull.  379,  Bureau  of 
Mines,  1934  (reprinted  1937),  160  pp. 

Schmidt,  Ludwig,  and  Wilhclm,  C.  J.,  Reduction  of  Evaporation 
Losses  from  Oasoline  Bulk  Storage  Stations,  Tech.  Paper  565,  Bureau 
of  AHnes,  1935,  35  pp. 

"  Schmidt,  Ludwig.  Hearings  before  a  Suicommittea  of  the  Committee 
on  Interstate  and  Foreign  Commerce,  Bouse  of  Representatives  on  II. 
Res.   .'lit.  Petroleum  Investigation,  103!i,  pt.  3,  p.  1954. 


364 


NatioTial  Resources  Committee 


mand  exists.  Refining  processes  have  evolved  gradu- 
ally from  a  simple  distillation  of  crude  petroleum  into 
one  salable  component  (kerosene)  to  the  point  that 
refining  processes  now  comprise  a  wide  variety  of 
chemical  transformations  and  physical  operations  to 
produce  many  commercial  products.  This  evolution  of 
petroleum  refining  has  brought  about  a  notable  im- 
provement in  petroleum  conservation  by  increasing  the 
proportion  of  most  desired  products  and  correspond- 
ingly reducing  the  volume  of  materials  of  lower  com- 
mercial value. 

The  early  refineries  operated  on  the  batch  system. 
Stills  were  of  two  general  types,  horizontal  cylinders 
and  vertical  cylinders  with  cone-shaped  tops.  The  lat- 
ter were  known  as  "cheese  box"  stills.  Both  types  of 
stills  were  supported  on  brick  walls,  enclosing  a  space 
in  which  fuel  was  burned  to  heat  the  still  contents. 
As  the  oil  vaporized,  the  vapors  passed  from  the  still 
into  condensing  pipes  immersed  in  water.  The  distil- 
late was  drawn  off  into  shallow  open  pans,  where  the 
lighter  fractit)ns  were  allowed  to  evaporate. 

The  weathering  process,  although  extremely  waste- 
ful when  measured  by  present-day  standards,  was 
suited  to  the  demands  of  the  time.  Weathering,  or 
forced  evaporation  of  the  lighter  constituents,  directly 
contrary  to  the  modern  efforts  to  save  this  portion  of 
the  crude  oil,  was  necessary  to  produce  a  kerosene  that 
was  not  too  inflammable. 

Continuous  distillation  was  the  first  major  improve- 
ment in  refining  technique.*"  Although  a  patent  for 
this  process  was  granted  as  early  as  1860  and  small 
beginnings  were  made  about  1885,  continuous  opera- 
tion in  distilling  oil  was  not  applied  on  a  large  scale 
until  the  tui-n  of  the  century.  A  battery  of  shell  stills 
was  connected  in  a  series,  which  involved  charging  the 
first  still  with  crude  oil  and  distilling  the  lightest 
hydrocarbons  from  the  charge.  The  residual  oil  from 
the  first  still  passed  through  the  other  stills  in  the 
series;  a  distillate  was  taken  from  each  still,  and  the 
final  residuimi  was  pumped  from  the  last  still.  Higher 
temperatui-es  were  maintained  in  each  successive  still, 
and  the  stillman  controlled  the  quantity  and  gravity 
of  the  distillate  from  each  still  by  regulating  the  rate 
of  flow  of  oil  from,  still  to  still  and  the  rate  of  firing 
each  still.  This  system  gave  refiners  the  advantages 
of  a  much  larger  capacity,  lower  fuel  and  labor  costs, 
and  better  control  of  the  finished  products. 

The  substitution  of  pipe  stills  for  horizontal  shell 
stills  was  an  important  development  in  the  refining 
proce.'^s.    The  tube  or  pipe  still  was  first  used  in  Cali- 


fornia primarily  for  dehydrating  and  stripping  crude 
oils  of  low  gasoline  content.*'  The  tubes  through 
which  the  oil  passed  were  inclosed  in  a  furnace  so 
the  radiant  as  well  as  the  convection  heat  from  the 
fuel  was  utilized  to  heat  the  charge.  The  tubes  first 
used  were  large  in  diameter  but  later  were  reduced 
in  size  so  the  oil  could  be  moved  more  rapidly  through 
the  pipes  to  reduce  the  formation  of  deposits  of  coke, 
crystalline  salt,  and  other  foreign  matter.  A  new  type 
of  connection  for  joining  the  ends  of  the  pipes  used  in 
the  still  further  facilitated  cleaning  by  removal  of 
plugs  fitted  to  openings  in  these  connections. 

Early  fractionating  equipment  consisted  of  baffles  or 
similar  separators  installed  in  the  vapor  line  between 
tlie  stills  and  condensors,  which  caught  the  entrained 
liquid  from  the  stills  and  prevented  the  heavier  prod- 
ucts from  going  through  the  condensors  into  the  re- 
ceiving tanks.  This  gave  a  better  separation  and  an 
improvement  in  the  products.  Various  types  of  aerial 
towers  were  built  about  the  time  continuous  distilla- 
tion came  into  use.  In  1905  William  Irish  and  John 
Van  Dyke,  using  an  air-cooled,  stone-packed  tower, 
first  distilled  crude  oil  to  coke  in  a  single  step.  The 
fractionating  tower  was  introduced  about  the  time  of 
the  develoi^ment  of  the  pipe  still.  In  its  early  form 
this  tower  M-as  a  simple  vertical  column  filled  with  stone, 
which  broke  up  the  flow  of  vapors  traveling  through 
the  still  and  separated  one  fraction  from  another. 
About  1915  the  towers  consisted  of  cylindrical  drums 
containing  stones  or  equipped  with  baffles  so  arranged 
tliat  portions  of  the  distilling  vapors  would  condense 
in  certain  sections  of  the  tower  and  could  be  collected 
on  ring  trays.  The  towers  were  next  improved  by 
providing  means  for  condensing  part  of  the  vapors  in- 
side the  tower  or  by  pumping  liquid  back  into  the 
tower  from  the  side  streams  to  increase  the  degree  of 
fractionation. 

Later,  bubble  towers  were  used,  in  which  the  ascend- 
ing vapors  were  forced  to  pass  through  shallow  layers 
of  liquid  trapped  in  horizontal  trays  within  the  tower. 
The  liquid  on  each  successively  higher  tray  in  the  series 
was  at  a  lower  temperature  and  thus  caused  fractional 
condensation  of  the  vapors.  Distillate  was  removed 
continuously  in  side  streams  from  selected  trays.  Pre- 
viously the  general  practice  had  been  to  distill  the  crude 
oil  in  a  number  of  steps,  each  of  which  involved  a  loss 
of  product  as  well  as  increased  cost  of  operation.  The 
number  of  trays  have  a  direct  relationship  to  the  degree 
of  fractionation  and  the  quality  of  the  products.  Ex- 
periments are  still  being  conducted  to  determine  the 


"Bacon,  R.  F..  and  Hamor.  W.  A.  The  American  Petroleum  Industry, 
vol.  2,  191G,  pp.  533-53, 


"^  Wnd-^woith,  .T,  M,,  Remoral  of  tlie  L'vihter  H iidrocarbons  from 
Petroleum  by  Continuous  DistiUation,  Bull,  162,  Bureau  of  Mines, 
1910,  162  pp. 
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number  of  trays  and  other  variable  factors  that  will 
result  in  the  most  efficient  fractionation.'* 

Altlioutrli  from  tlie  start  of  petroleum  refinin<j.  boil- 
ing tenij)eratures  were  reduced  by  the  use  of  steam,  it 
was  not  until  a  much  later  period  that  high  vacuum 
was  used  for  the  same  purpose.  Subsequently  vacuum 
fractionating  towers  were  developed  wiiich  permit  the 
evaporation  and  fractionation  of  relatively  higli 
boiling-point  fractions  without  decomposition.  Two- 
stage  fractionating  towers  and  pipe  stills  and  their 
combination  into  a  single  unit  represent  one  of  tlie 
greatest  advances  in  refining  technologj'. 

The  cracking  process  was  tiie  most  radical  advance- 
ment in  refining  technique.  By  this  process,  which 
employs  higli  temperatures  usually  with  high  pres- 
sures, petroleum  fractions  arc  altered  chemically  to  the 
extent  that  the  products  cover  the  range  from  hydro- 
gen gas  to  coke.  The  objective  of  the  cracking  process 
is  to  form  as  large  a  proportion  as  possible  of  prod- 
ucts within  the  gasoline  range  of  volatility  from  raw- 
material  that  contains  no  materials  in  this  range.  An 
exception  is  re-forming,  wliieh  is  a  cracking  process 
that  alters  the  chemical  characteristics  of  compounds  in 
straight-run  gasoline  to  increase  the  octane  rating.  The 
yield  of  re-formed  gasoline  usually  is  api)ro.\iniately 
15  to  25  percent  less  than  tlie  amount  of  straight -r\in 
gasoline  or  naphtba  charged  to  the  unit. 

The  first  commercial  cracking  operations  began  al)out 
1912,  using  an  intermediate  distillate  (gas  oil)  in  batch 
luiits.  At  present  even  heavy  crude  oils  are  cracked 
in  large  continuous  cracking  plants,  the  volatile  prod- 
ucts passing  through  bubble  towers  connected  directly 
with  the  cracking  unit.  The  Inibble  towers  deliver  a 
continuous  stream  of  finished  gasoline  requiring  no  fur- 
ther fractionation. 

The  success  of  cracking  operations  dcptMided  largely 
on  technical  improvements  in  the  equipment.  Pipe 
stills  in  cracking  plants  improved  fuel  and  reduced 
coke  and  gas  formation.  Alloy  steels  that  with- 
stand long  exposures  to  high  pressures  and  temper- 
atures without  breaking  down,  and  which  resist  de- 
terioration from  corrosive  charging  stocks,  were  devel- 
oped for  tube  manufacture.  Whereas  temperatures  of 
740°  F.  and  pressures  of  75  pounds  per  square  inch 
were  used  in  the  early  shell-still  cracking  oj)erations, 
severe  conditions  employed  today  in  cracking  require 
temperatures  ranging  from  about  900°  F.  to  over 
1,100°  F.  and  pressures  as  high  as  2,000  pounds  per 
square  inch.  Improvements  in  furnace  design  have 
permitted  closer  control  of  the  heat  flow  through  the 
cracking-tube  system,  more   niiifoiin   yield,  lessening 


of  coke  deposition,  and  a  longer  trouble-free  operating 
time,  all  of  which  results  in  a  reduction  in  furnace 
maintenance  and  operation  cost.  By  proper  design  and 
operation,  over-all  efficiencies  as  high  as  bO  percent  based 
on  the  lower  heating  value  of  the  fuel  may  be  obtained 
from  cracking  furnaces.*" 

Mechanical  firing,  the  greater  use  of  heat  exchangers 
(devices  by  which  the  heat  from  hot  oil  to  be  cooled  is 
used  to  heat  the  incoming  cold  oil),  and  other  improve- 
ments in  refining  equipment  have  accounted  for  im- 
proved fuel  efficiency.  These  improvements  include 
greater  use  of  heat  from  hot  gases  to  preheat  air,  use 
of  exhaust  steam  formerly  wasted,  improved  technique 
in  generating  and  using  steam,  substitution  of  electric- 
tlriven  for  steam-driven  equipment,  and  reduction  of 
heat  losses  through  better  insulation.  Furthermore, 
the  cost  of  operation  has  been  lowered  through  the 
wider  adoption  of  automatic  control  devices "" — com- 
binations of  recording  instruments  and  regulation 
mechanisms  which  make  possible  the  accurate  control 
of  temperature,  pressure,  rates  of  flow,  and  liquid 
levels.  Automatic  control  devices  provide  not  only 
more  reliable  coordination  of  the  various  processes,  but 
also  important  savings  in  labor  requirements.  The  life 
of  refinery  equipment  has  been  prolonged  by  the  intro- 
duction of  measures  for  combating  corrosion.  Treat- 
ment of  crude  oil  to  remove  foreign  material  such  as 
salt  ^*  further  lengthens  the  time  a  plant  may  be  kept 
in  operation  without  cleaning. 

Due  to  these  and  many  other  technical  improve- 
ments, there  has  been  a  decided  reduction  in  the  cost  of 
fuel  used  at  the  refinery.  During  the  11-year  period, 
192C  to  193G,  the  energy  consumed  in  refining  a  barrel 
of  crude  petroleum  decreased  from  847,900  B.  t.  u.  to 
643,400  B.  t.  u.,  a  decrease  of  24  percent.  Savings  in 
total  fuel  requirements  have  been  accompanied  by  a 
change  in  the  kind  of  fuels  used,  with  a  decided  trend 
toward  (lie  use  of  refinery  gases  and  other  fuel  by- 
products of  refining,  which  until  recently  were  allowed 
to  go  to  waste.  One  of  the  most  impoitant  factors  in 
the  reduction  of  unit  energy  requirements  is  the  change 
from  batch  stills,  which  had  a  fuel  efficiency  of  about 
40  percent,  to  pipe  stills  with  a  fuel  efficiency  of  75  to 
80  percent. 

Along  with  the  development  of  cracking  equipment 
came  improvements  in  treating  processes.  Essentially 
the  same  process  used  in  the  early  days  to  treat  kero- 


'^  See  series  of  articles  by  Nelson,  W.  Ij.,  on  fractionating  complex 
mi.xtures  in  the  following  issues  of  the  Oil  and  Oas  Journal;  July  21, 
1938,  p.  41 ;  August  4.  1938.  p.  44  ;  August  18.  1938.  p.  58 ;  September 
15,  1938,  p.  4G. 
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leum: A  Rc'irw  of  the  Literature,  Report  of  Investigations  3422, 
Bureau  of  Mines,  1938,  28  pp. 
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sene  is  in  common  use  today  along  with  other  proc- 
esses. Sulfuric  acid  is  still  the  major  chemical  used 
for  treating  petroleum  fractions.  Methods  are  in  use 
for  treating  distillates  with  sulfuric  acid  at  low  tem- 
peratures that  are  more  economical  and  cause  less  loss 
of  valuable  constituents  of  the  distillates.  Most  of  the 
cracked  gasoline  is  water  washed  and  treated  with 
caustic  soda  or  sodium  plumbite,  a  solution  of  lead  ox- 
ide (litharge)  in  aqueous  caustic  soda.  Although  so- 
dium plumbite  is  still  used  extensively  for  treating  sul- 
fur compounds  in  gasoline  and  kerosene,  other  treat- 
ing processes  have  been  adopted  recently.  As  the  per- 
centage of  cracked  gasolines  increased,  the  problem  of 
discoloration  and  gum  disposition  took  on  importance. 
The  Gray  Process,^-  whereby  gasoline  vapors  are  con- 
tacted with  fuller's  earth  in  towers  improved  the  color 
and  lowered  the  gum  content  of  gasoline.  Eecently 
antioxidants  ^^  also  have  been  used  to  inhibit  gum 
formation  in  cracked  gasoline. 

"With  increased  compression  ratios  in  automobile  en- 
gines and  the  develoijment  of  high-compression  air- 
craft engines,  greater  emphasis  was  placed  on  the  qual- 
ity of  gasoline  and  its  tendency  to  detonate  or  "knock." 
A  standard  of  measurement  of  the  ability  of  fuels  to 
resist  detonation,  expressed  in  terms  of  octane  num- 
bers, wus  proposed  by  Edgar  '*  in  1926  and  has  been 
adopted  widely. 

A  very  impoi'tant  discovery  by  Midgley  and  Boyd  ^' 
in  1922  enabled  refiners  to  improve  the  knock  charac- 
teristics of  motor  fuels  by  the  addition  of  minute 
quantities  of  a  hitherto  obscure  organic  compound  of 
lead,  called  tetraethyl  lead.  Today  75  percent  or  more 
of  the  gasoline  sold  contains  this  anti-knock  agent. 

Natural  gasoline,  extracted  from  natural  gas,  in  which 
it  exists  in  vapor  form  at  normal  atmospheric  tempera- 
tures and  pressure,  comprised  approximately  8.5  per 
cent  of  the  volume  of  motor  fuel  produced  in  the 
United  States  in  1937."'^  Processes  of  extraction  in- 
volve one  or  more  of  the  following  steps — compres- 
sion of  the  natural  gas  as  it  comes  from  the  well,  re- 
frigeration of  the  natural  gas  or  the  comiDressed  gas, 
and  absorption  of  the  liquid  constituents  of  the 
natural   gas,  either  in   a  heavy   oil   or   on   charcoal. 


"  Nash,  A.  W.,  and  Howes,  D.  A.,  The  Principles  of  Motor  Fuel 
Preparation  and  Application,  vol.  1,  1935,  John  Wiley  &  Sons,  Inc., 
New  York. 

"  Dryer,  C.  G.,  Morrell.  J.  C,  and  EglotC.  G.,  "Antioxidants  as 
Stabilizers  for  Cracked  Motor  Fuels,"  Oil  atid  Gas  Jour.,  March  25, 
1937,  p.  113. 
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»« White.  A.  G.,  Hopkins,  G.  R.,  Breakey,  H.  A.,  "Crude  Petroleum  and 
Petrolem  Products,"  Minerals  Yearbook,  lasS,  Bureau  of  Mines,  p.  866. 


The  absorbed  liquids  subsequently  are  driven  from  the 
absorbing  medium  by  heat,  and  condensed  to  liquids 
again.  Combinations  of  the  methods  may  be  used.  A 
process  recently  placed  in  operation  in  a  plant  at  Bena- 
vides,  Texas,  does  not  use  absorption  but  employs 
rather  a  combination  of  refrigeration  and  a  substan- 
tially complete  dehydration  of  the  gases.  The  process 
is  said  to  show  high  recovery,  and  advantages  of  flexi- 
bility and  sunplicity  of  equipment  and  operation,  as 
well  as  relatively  low  utility  requirements.'" 

Through  improvements  in  methods  of  manufactur- 
ing, the  yield  of  natural  gasoline  per  1,000  cubic  feet  of 
gas  processed  continued  to  increase  until  1929,  when  con- 
trolled stabilization  for  the  removal  of  the  highly  vola- 
tile fractions  (propane  and  butane)  was  developed  ex- 
tensively. The  yield  continued  to  decrease  until  1935, 
when  it  started  to  increase  again,  reflecting,  in  part,  im- 
proved equipment  and  in  part  the  increased  use  of  gas 
fpom  east  Texas,  a  high-yield  area.°*  A  large  part  of 
the  volatile  fractions,  formerly  lost  by  weathering,  are 
utilized  as  liquefied  petroleum  gases.^^  An  outlet  for 
these  volatile  fractions  that  promises  to  increase  in 
importance  is  the  manufacture  of  high  anti-knock 
gasoline  by  polymerization — a  process  which  is  the 
reverse  of  cracking  in  that  gases  and  volatile  liquids 
are  synthesized  to  gasoline. 

Some  of  the  hydrocarbons  remaining  after  natural 
gas  and  refinery  gases  have  been  stripped  of  their  light 
hj'drocarbons  suitable  for  use  as  motor  fuels  may  be 
cracked  and  dehj'drogenated  and  finally  polymerized 
to  form  nondetonating  fuels.  The  polymerization 
process  is  a  definite  advance  in  chemical  control  of  the 
composition  and  properties  of  motor  fuels  and  thereby 
has  enabled  refiners  to  meet  the  increased  demands  of 
automobile  and  aircraft  industries  for  high  octane- 
number  fuels.  Iso-octane,  the  principal  blending  stock 
for  aviation  fuels,  ranging  fi-om  95  to  100  in  octane 
number,  is  produced  from  cracked  gases  that  are  poly- 
merized and  then  hydrogenated.  Although  formerly 
only  the  iso-butylene  content  of  gas  was  used,  thus 
limiting  the  quantity  available,  normal  butylene  and 
dehydrogenated  butanes  contained  in  refinery  and 
natural  gases  now  are  used  to  form  the  iso-octenes 
which  are  converted  by  hydrogenation  to  iso-octanes. 
Use  of  other  blending  stocks  is  possible  since  the  de- 
velopment of  the  polymerization  process.^  Experi- 
ments show  the  savings  resulting  from  the  use  of  100 
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octane  aviation  fuels,^  and  the  progress  in  the  prepara- 
tion of  such  fuel  is  important  not  only  from  the  stand- 
point of  commercial  aviation  companies  but  also  from 
the  standpoint  of  national  defense.  Some  gasoline 
with  knock  rating  exceeding  100  octane  has  been  manu- 
factured, but  at  present  the  cost  of  producing  such 
gasoline  on  a  large  scale  is  prohibitive.' 

Segregation  of  technically  pure  hydrocarbons  is  now 
possible  due  to  the  advancement  in  design  of  fraction- 
ating e(iuipn>cnt  heretofore  not  commercially  avail- 
able, and  through  separation  of  the  so-called  dry  gases 
(ethane,  propane,  and  butanes)  refiners  are  better  able 
to  utilize  them  for  polymerization.  Because  of  these 
new  processes  used  in  petroleum  refineries,  petroleum 
has  increased  in  importance  as  a  raw  material  for  the 
manufacture  of  chemical  products.* 

Although  hydrogenation  plants  now  are  operated 
for  special  products,  present  economic  conditions  pre- 
vent a  wide  commercial  adoption  of  this  process.  In 
1931  it  was  estimated  that  the  hydrogenation  process 
involved  an  investment  in  fixed  assets  from  $700  to 
$900  a  barrel  daily  capacity,  as  compared  with  $300 
to  $500  for  an  ordinary  refining  and  cracking  plant." 
Since  that  time,  however,  constant  improvements  in 
operating  technique  have  reduced  the  cost  of  hydro- 
genating  fuels,  so  that  slight  changes  in  economic  coji- 
ditions  will  justify  the  operation  of  such  plants  on  a 
large  scale.  According  to  Nelson "  the  cost  of  hydro- 
genated  gasoline  when  firet  produced  was  20  cents  a 
gallon,  and  in  1937  it  was  estimated  that  10  cents  a 
gallon  would  net  a  worthwhile  profit.  Although  still 
in  the  stage  of  experimentation  in  the  United  States, 
it  is  technicnlly  possible  to  produce  synthetic  hydro- 
carbon products  by  applying  the  hydrogenation  process 
to  coal. 

Some  reductions  in  waste  and  in  the  cost  of  opera- 
tion have  been  secured  through  increased  size  of  re- 
fineries, changes  in  the  design  of  plants,  and  the  grow- 
ing number  of  combination  plants.  Although  crude- 
oil  capacity  of  refineries  in  the  United  States  showed  a 
substantial  increase  during  1937,  the  total  number  of 
plants  in  March  1938  was  less  than  at  any  time  since 
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1932.'  Individual  refinery  units  capable  of  processing 
10,000  barrels  of  crude  oil  in  a  day  are  becoming  com- 
mon, and  units  with  a  capacity  of  30,000  barrels  or 
more  are  in  operation.  Some  refineries  with  multiple 
units  have  capacities  of  150,000  ban-els  per  day,  or 
more.  In  one  commercial  operation  it  is  possible  to 
separate  oil  into  a  range  of  motor  fuels,  burning  oils, 
gas  oils,  lubricating  oils,  and  residue  with  conditions  so 
controlled  that  they  may  be  varied  according  to  the 
kind  of  products  required.  As  early  as  1931,  Camp ' 
wrote  that  "it  is  not  at  all  unlikely  that  a  plant  could 
be  designed  with  balanced  skimming,  cracking,  and 
hydrogenation  facilities  to  manufacture  whatever 
products  are  most  desirable  and  in  whatever  percent- 
ages thej'  are  desired." 

Major  savings  have  been  achieved  in  capital  invest- 
ments and  labor  and  fuel-operating  costs  as  a  result  of 
expansion  of  combination  operations.  Such  units  also 
have  been  increased  in  flexibilitj',  with  the  result  that 
crude  oils  of  various  types  now  are  being  used  and 
the  yields  of  finished  products  are  adjusted  to  meet 
requirements.  When  cracking  was  first  introduced, 
many  units  were  required  for  the  various  operations 
of  distillation,  cracking,  and  rerunning;  but  with  re- 
finements in  combination  units,  it  is  possible  to  com- 
bine all  these  processes  in  a  continuous  operation. 
Consequenflj',  one  crew  of  operators  now  can  process 
as  much  oil  and  produce  a  greater  quantity  of  gaso- 
line than  was  possible  in  1926  with  several  units  and 
a  large  force  of  men."  Recently,  a  plant  in  which 
polymerization,  cracking,  and  natural  gasoline  man- 
ufacturing are  combined  has  been  placed  in  operation." 
Although  the  equipment  for  each  operation  is  a  sep- 
arate unit,  all  are  on  the  same  site,  and  the  products 
or  bj'products  of  one  unit  are  processed  further  in  the 
others. 

Although  possibilities  of  producing  good  lubricating 
oil  from  the  residual  oil  left  after  the  removal  of  kero- 
sene were  recognized  almost  from  the  beginning,  petro- 
leum lubricating  oils  were  not  widely  adopted  until 
after  1885,  and  until  1900  virtually  all  petroleum  lubri- 
cants were  made  from  Appalachian  crude  oils.  None 
of  the  crude  oils  procassed  by  early  methods  yielded  a 
lubricant  having  all  the  desired  qualities.  The  lubri- 
cating distillate  was  "cut"  from  the  still  after  the  kero- 
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sene  fi-action  had  been  removed  and  was  chilled  and 
passed  through  filter  presses  at  a  low  temperature,  se- 
curing an  unfinished  paraffin  wax  and  a  pressed  distil- 
late which  was  I'erun  to  secure  various  grades  of  neu- 
tral lubricating  oils.  The  residual  oil  in  the  still  was 
steam  refined,  reduced  to  the  desired  viscosity,  and  fin- 
ished as  cylinder  stock  with  acid  treatment  followed 
by  neutralization  and  percolation  through  a  tower  filled 
with  animal  charcoal.  Later,  fuller's  earth  was  used 
instead  of  animal  charcoal.  Lubricants  made  from  one 
type  of  crude  oil  had  a  tendency  to  form  carbon  in 
cylinders  of  internal  combustion  engines  and,  because 
the  crude  oil  contained  rather  large  quantities  of  wax, 
low  pour-point  oils  could  not  be  made  from  it,  whereas 
lubricants  made  from  other  oils  showed  low  stability 
and  rapid  changes  in  viscosity  with  changes  in  tem- 
perature. 

Improved  vacuum-distillation  and  fractionating 
equipment  have  made  possible  the  more  exact  separa- 
tion of  primary  lubricating-oil  fractions  and,  there- 
fore, made  the  removal  of  wax  easier  and  reduced  sub- 
sequent treating  and  finishing.  Dewaxing  operations, 
using  the  cold  settling  method,  were  improved  by  the 
introduction  of  the  centrifuge,  first  used  in  1920.  Lu- 
bricating oils  also  are  contacted  with  finely  ground 
clay  (200-300  mesh)  at  high  temperatures  to  neutral- 
ize acidity  and  remove  highly  colored  constituents. 

The  greatest  recent  improvement  in  the  manufac- 
ture of  lubricating  oils  is  the  application  within  the 
last  10  years  of  solvents  of  chemical  reagents  ^^  which 
dissolve  selectively  those  constituents  of  the  oil  that 
are  undesired.  These  solvents  have  been  adapted  for 
three  types  of  refining;  solvent  dewaxing,  solvent  ex- 
tracting processes,  and  deasf)halting  processes.  Ex- 
traction methods  have  progressed  from  the  early 
method  of  contact  in  a  sinjjle  stage  in  an  agitator  to 
present  methods  of  countercurrent  treatment.  Many 
different  solvents  are  used  and  experiments  are  being 
conducted  constantly  in  an  effort  to  improve  solvent 
refining.^- 

A  demand  of  considerable  magnitude  has  been  de- 
veloped for  petroleum  asphaltic  products.  These 
products  include  solid  and  liquid  asphalts  for  paving, 
roofing  asphalts,  binders  for  briquetting  coal  and  coke, 
waterproofing  and  pipe-coating  preparations,  and  many 
other  products.^^ 
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This  brief  resume  of  progress  in  petroleum  refining 
operations  mentions  some  of  the  more  important  ad- 
vances in  the  art.  The  industry  is  expending  vast 
sums  of  money  in  research  and  development,  and  at  the 
beginning  of  1939  several  new  processes  and  impi'ove- 
ments  of  older  processes  are  being  offered  to  petroleum 
refiners.  The  industry  undoubtedly  is  only  on  the 
tlireshold  of  its  development  as  a  chemical-manufactur- 
ing enterprise,  adapting  to  its  own  purposes  discov- 
eries in  many  fields  of  science  as  well  as  the  discoveries 
of  its  own  scientists  and  engineers.  Future  progress 
will  proceed  from  continued  exercise  of  the  same  kind 
of  ingenuity,  skill,  and  persistence,  backed  by  deep 
study  that  has  brought  about  the  marvelous  develop- 
ments of  the  modern  petroleum  industry. 

Conclusion 

A  review  of  salient  methods  and  processes  consti- 
tuting phases  of  technology  in  the  petroleum  industry 
brings  out  several  significant  facts. 

1.  The  art  of  finding  commercial  accumulations  of 
oil  and  natural  gas  has  become  a  highly  specialized  and 
scientific  branch  of  the  industry,  requiring  a  high  de- 
gree of  technical  training  and  calling  for  the  expendi- 
ture of  vast  sums  of  money  on  the  part  of  the  operators 
to  maintain  their  reserves  of  petroleum  and  natural  gas. 

2.  The  drilling  of  wells  and  the  producing  of  oil  and 
gas  solely  from  the  derrick  floor  is  outmoded.  Careful 
analyses  of  many  kinds  of  teclinical  data  are  making 
possible  the  continuing  flow  of  oil  and  gas  by  reason 
of  optimum  utilization  of  reservoir  energy,  and  ulti- 
mate recoveries  are  being  increased.  The  data  are 
being  obtained  by  means  of  laboratory  examination  of 
reservoir  rocks  and  fluids,  the  measurement  of  pres- 
sures, temperatures,  and  other  conditions  in  the  reser- 
voirs, and  the  careful  study  of  case  histories  of  wells, 
properties,  and  fields.  Applied  engineering  methods 
resulting  from  research  have  taken  the  place  of  rules 
of  thumb. 

3.  The  diversity  and  quantity  of  materials  used  in 
drilling  a  well  and  making  it  a  "producer"  have  be- 
come greater  not  only  with  well  depth  but  as  knowl- 
edge has  increased  regarding  requirements  for  coping 
with  reservoir  conditions.  The  broad  field  of  chemi- 
cal engineering  now  constitutes  an  integral  part  of 
production  technique  in  preparation  of  mud  fluids, 
cementing  wells,  treating  formations  with  acids  and 
other  chemicals,  and  in  many  other  ways  to  remove  the 
oil  and  gas  effectively  and  economically. 

4.  A  large  part  of  these  essential  operations  are  per- 
formed by  so-called  "service"  companies  that  do  not 
themselves  produce  oil  and  natural  gas.     The  supply- 
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ing  of  technical  service  or  the  service  of  tools  and  mate- 
rials is  an  indispensable  auxiliarj'  found  perhaps  to  no 
equal  extent  in  any  other  industry. 

5.  Mass  movement  of  liciuids  and  gases  over  long  dis- 
tances has  been  made  possible  through  metallurgical 
and  meclianical  achievement.  The  result  is  that  jiipe 
lines,  supplemented  bj-  tankers,  tank  cars,  and  trucks 
constitute  a  great  coordinated  system  of  transporting 
facilities  that  are  functionally  as  important  to  the 
industry  and  the  public  in  maintaining  an  uninter- 
rupted movement  of  petroleum  and  natural  gas  from 
wells  to  consumers  as  the  blood-circulating  system  is  in 
maintaining  life  in  the  luunan  body. 

6.  Refineries  have  grown  from  simple  stills  whose 
chief  product  was  illuminating  oil  to  great  establish- 


ments manufacturing  hundreds  of  products.  The  com- 
plexities of  all  the  processes  are  not  within  the  grasp 
of  any  one  person.  The  rearrangement  of  hydrocar- 
bon molecules  of  the  crude  oil  and  refinery  gases  by 
suitable  applications  of  heat  and  pressure,  sometimes 
aided  by  catalysts,  has  made  possible  yields  of  gasoline 
ami  other  products  that  the  early  distillers  woukl  have 
said  were  impossible.  At  times  this  ability  to  supply 
has  outdistanced  facilities  to  use  the  products.  With 
this  prompting,  the  design  of  internal  combustion  en- 
gines, lubricating  equipment,  and  oil-burning  mecha- 
nisms have  been  improved.  Today  the  elasticity  of 
well-balanced  refiner}'  operations  makes  possible  the 
manufacture  of  desired  products  in  quantities  to  meet 
the  current  need. 


PART    THREE  — SECTION    III 
CONSERVATION    IN   USE 

By  A.  C.  Fieldner,'  F.  G.  Tryonr  and  H.  F.  Yancey  = 


Striking  advances  have  been  made  in  the  efficiency  of 
fuel  utilization  as  compared  with  the  disappointingly 
slow  progress  made  in  checking  wastes  during  produc- 
tion. The  contrast  between  lack  of  conservation  dur- 
ing production  and  the  increasing  efficiency  of  utiliza- 
tion is  due  in  large  part  to  the  fact  that  in  the  present 
organization  of  production  the  incentive  to  minimize 
waste  is  often  lacking.  Scattered  ownership  of  oil  and 
gas  resources  stimulate  competitive  drilling,  tend  to 
reduce  ultimate  recovery,  and  discourage  profitable  op- 
eration. In  coal  mining  destructive  competition  and 
the  resulting  unstable  economic  position  of  the  indus- 
try tend  to  accentuate  rather  than  to  minimize  the 
waste  of  this  resource.  In  the  field  of  utilization, 
however,  the  same  forces,  competition,  and  the  necessity 
of  profitable  operation,  act  in  a  socially  useful  direction 
to  promote  economy  in  use. 

Rise  in  Fuel  Technology 

Increased  efficiency  in  utilization,  whereby  less  fuel 
is  required  to  produce  a  unit  of  finished  product,  has 
been  especially  rapid  in  the  last  30  years.  In  large 
part  this  rapid  advance  must  be  attributed  to  the  ac- 
quisition and  use  of  the  scientific  knowledge  of  fuels 
made  available  to  the  increasing  niunbers  of  technically 
educated  persons  employed  in  mdustry.  Knowledge  of 
the  composition  and  properties  of  solid,  liquid,  and  gas- 
eous fuels  is  necessarily  fundamental  to  any  increase  in 
their  efficiency  of  utilization.  Although  progress  in 
fuel  utilization  in  the  United  States  may  be  consid- 
ered as  beginning  with  a  series  of  steaming  tests  of  dif- 
ferent coals  conducted  for  the  Navy  Department  by 
Professor  Johnson  in  1844,*  the  date  of  rapid  progress 
in  increased  efficiency  in  using  coal — the  first  indus- 
trial fuel — should  be  considered  as  beginning  with  the 
first  Nation-wide  survey  of  the  composition  and  prop- 
erties of  American  coals  made  by  the  United  States  Fuel 
Testing  Plant  established  by  the  Federal  Geological 
Survey  at  the  Louisiana  Purchase  Exposition  in  St. 
Louis,  Mo.,  in  1904.     Other  landmarks  of  this  early  pe- 


'  Cliief.  Technologic  Branch,  U.  S.  Department  o(  the  Interior,  Bureau 
of  Mines. 

'  Director,  Division  of  Research,  National  Bituminous  Coal  Com- 
mission. 

'  Supervising  Engineer,  Northwest  Experiment  Station,  U.  S.  Depart- 
ment of  the  Interior,  Bureau  of  Mines. 

*  Johnson,  W.  R.,  2Sth  Cong.,  1st  sess.,  S.  Doe.  386,  p.  844  ;  see  also 
Parr,  S.  W.,  Ind.  and  Eng.  Chem.,  vol.  18,  1026,   pp.  94-98. 
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riod  were  the  National  Conservation  Congress  of  1908 
and  the  organization  of  the  International  Railway 
Fuel  Association. 

The  work  of  the  Federal  Geological  Survey  at  St. 
Louis  included  the  sampling  and  analysis  of  many  coal 
beds  throughout  the  United  States.  In  addition,  car- 
load samples  of  commercial  sizes  of  coal  were  sent  to 
the  fuel-testing  plant  for  combustion,  carbonization, 
gasification,  briquetting,  and  washing  tests  in  full-scale 
equipment.  Research  was  conducted  on  the  relation 
between  physical  and  chemical  properties  of  the  differ- 
ent ranks  and  gi'oups  of  coal  and  their  various  uses. 
This  work  stimulated  so  much  interest  in  the  more 
efficient  utilization  of  our  mineral-fuel  resources  that  it 
was  continued  by  the  technologic  branch  of  the  Survey, 
and  subsequently  by  the  Federal  Bureau  of  Mines  after 
its  creation  in  1910.  Preliminary  large-scale  tests  of 
the  steaming,  coking,  and  gasifying  properties  of  many 
important  American  coals  were  fairly  well  completed 
by  1915.  The  results  of  these  tests  and  investigations 
were  published  by  the  Bureau  of  Mines  in  a  series  of 
reports,"  and  have  been  followed  in  later  years  by  an 
unending  volume  of  carefully  prepared  technical  re- 
ports dealing  with  investigations  of  many  phases  of 
coal  technology,  which  up  to  1935  alone  have  totaled 
1,895  in  number  and  required  93  pages  of  a  technical 
23aper  to  list  the  titles.^  These  publications  have  been 
of  great  value  to  American  industry.     The  early  re- 


'Belden.  A.  W.,  Delameter,  G.  R.,  Groves,  J.  W.,  and  Way,  K.  M., 
Washing  and  Coking  Tests  of  Coal  at  tlie  fuel-testing  plant,  Denver, 
Colo.,  July  1,  ms,  to  June  SO,  1909,  Bureau  of  Mines,  Bull.  5,  1910, 
62  pp.,  1  fig. 

White,  A.  H.,  and  Barker,  Perry,  compiled  and  revised  by  Wilson, 
H.  M.,  Coals  Available  for  the  Manufacture  of  Illuminating  Oas,  Bu- 
re.^u  of  Mines,  Bull.  6,  1911,  77  pp.,  4  pis.,  12  figs. 

Fernald.  R.  H.,  and  Smith,  C.  D.,  Bisumi  of  Producer-Gas  Investi- 
gations, October  1,  1901,,  to  June  30,  1910,  Bureau  of  Mines,  Bull.  13, 
1911,  393  pp. 

Breckenridge,  L.  P.,  Kreisinger,  Henry,  and  Ray,  W.  T.,  Steaming 
Tests  of  Coals  and  Related  Investigations,  September  1,  190i,  to  Decem- 
ber SI,  lOOS,  Bureau  of  Mines,  Bull.  23,  1912,  380  pp.,  2  pis.,  94  figs. 

Randall.  D.  T..  and  Weeks,  H.  W.,  The  Smokeless  Combustion  of 
Coal  in  Boiler  Furnaces,  with  a  chapter  on  "Central  Heating  Plants," 
Bureau  of  Mines,  Bull.  40,  1912,  188  pp.,  40  figs. 

Wright,  C.  L.,  Fuel-Briquetiing  Investigations,  July  ISO!,  to  July  1912, 
Bureau  of  Mines,  Bull.  58,  1913.  277  pp.,  21  pis.,  3  figs. 

Ovitz,  F.  K..  Coking  of  Illinois  Coals,  Bureau  of  Mines,  Bull.  138, 
1917,  71  pp.,  11  pis.,  1  fig. 

BeMen,  A.  W.,  Metallurgical  Coke,  Bureau  of  Mines,  Tech.  Paper  50, 
1913,  48  pp.,  1  pi.,  23  figs. 

•  Fielclner,  A.  C,  Emery,  Alden  H.,  and  von  Bernewitz,  M.  W., 
Bibliography  of  Utiited  States  Bureau  of  Mines  Investigations  on  Coal 
and  Its  Products  1910-35,  Bureau  of  Mines,  Tech.  Paper  576,  1937, 
145  pp. 
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ports  stimulated  a  widespread  interest  in  fuel  economy 
and  provided  the  fundamental  data  necessary  to  the 
spectacular  increases  in  fuel  efliciency  which  took  place 
in  the  following  decade. 

Although  these  Governmental  activities,  and  the 
work  of  the  few  technical  colleges  that  carried  on  fuel 
research  in  early  years,  provided  the  essential  founda- 
tion, nevertheless  the  adoption  and  actual  use  of  the 
fundamental  data  by  industry  was  no  doubt  chiefly 
the  result  of  economic  pressure.  Progress  along  these 
lines  was  enormously  stimulated  by  the  high  prices  of 
fuel  in  the  war  period.  The  impetus  gained  during  the 
war  was  reinforced  b}^  intensified  competition  in  post- 
war decades.  The  over-all  result  was  a  remarkable 
burst  of  teclmological  activity. 

Centralized  Services 

Before  considering  the  various  lines  of  advance 
recorded  in  tlie  utilization  of  fuel,  the  relative  im- 
portance of  the  various  forms  of  fuel  should  be  con- 
sidered. Table  1  shows  a  percentage  distribution  of 
the  total  energy  supply  for  tlie  mineral  fuels — coal, 


both  anthracite  and  bitimiinous,  petroleum,  natural 
gas,  and  the  fuel  equivalent  of  water  power.'  Thesa 
figures  indicate  that  although  the  percentage  of  the 
total  energy  contributed  by  coal  has  decreased  de- 
cidedly since  1899,  it  still  remained  the  largest  source  of 
energy  in  1937,  when  it  furnished  53.7  percent  of  the 
total.  Petroleum  has  contributed  a  steadily  increasing 
percentage  during  this  same  period;  nevertheless,  the 
total  provided  by  the  mineral  fuels — coal,  petroleum, 
and  natural  gas — has  remained  substantially  the  same 
throughout  the  entire  period.  Due  primarily  to  the 
increased  efficiency  at  which  coal  is  utilized  in  central 
stations,  the  rate  of  growth  of  water  power  is  obscured 
in  table  1,  because  water  power  is  represented  by  the 
equivalent  coal  that  would  have  been  needed  in  any  one 
3'ear  to  generate  the  same  power  at  a  steam-electrio 
station.' 


'Tryon,  F.  G..  Mann,  L.,  and  Young,  W.  O.,  "Coal,"  Bureau  of  Mines, 
Minerals  Yearbook,  liirt,  p.  810.  and  ».!S,  p.  T04. 

'For  full  information  on  this  question  see  McMillan.  M.  E..  Anderson, 
R.  L..  Tryon.  F.  G.,  and  McBride,  J.  W.,  "Bituminous  Coal,"  Bureau  of 
Mines,  ilincrnls  Yearbook,  19.!S,  p.  701. 


Table  1. — Percent  of  total  B.  I.  u.  equivalent  contributed  by  the  several  mineral  fuels  and  water  power  in  the  United  Slates 


Penn.syl- 

vania 
anthracite 

Bituminou.': 
coal 

Total  coal 

Petroleum  (total  crude)  ' 

Natural  ga.s 
rtotal  pro- 
duction) I 

Total  oil 
and  gas 

Total  min- 
eral fuels 

Water 
power,  fuel 
equivalent  • 

Grand 
total,  in- 

Year 

Domestic 
production 

Imports 

cluding 
water 
power 

1899 

21.8 
15.4 
13.9 
12.4 
11.0 
7.6 
7.9 
8.3 
8.3 
8.1 
7.4 
8.1 
7.0 
•6.5 
•5.7 

67.3 
69.7 
70.3 
69.9 
67.0 
61.3 
55.1 
53.9 
SI.  3 
48.2 
48.4 
49.0 
48.3 
50.2 
48.0 

89.1 
85.1 
84.2 
82.3 
78.0 
68.9 
63.0 
62.2 
59.6 
56.3 
65.8 
67.1 
55.3 
66.7 
53.7 

4.5 

7.7 

8.3 

9.9 

12.0 

20.6 

23.8 

23.7 

26.2 

28.0 

30.0 

28.3 

29.5 

28.8 

31.7 

3.2 
3.6 
3.6 
3.6 
3.8 
5.8 
8.1 
9.2 
9.3 
9.9 
9.2 
9.9 

10.2 
9.8 

10.4 

7.7 
11.3 
12.4 
14.6 
18.7 
28.1 
33.8 
34.5 
37.0 
39.  S 
40.3 
39.3 
39.8 
39.7 
42.8 

90.8 
96.4 
96.6 
96.8 
96.7 
97.0 
96.8 
96.7 
96.6 
95.8 
96.1 
96.4 
96.5 
96.4 
96.5 

3.2. 

3.6 

3.4 

3.2 

3.3 

3.0 

3.2 

3.3 

3.4 

4.2 

3.9 

3.6 

3.5 

3.6 

3.5 

100.0 

1909 

100.0 

1913 

0.6 
1.0 
2.9 
1.7 
1.9 
1.6 
1.5 
1.6 
1. 1 
1.1 
1.0 
.8 
.7 

100.0 

1918 

lOOO 

1920  ..    . 

100  0 

1925 

100.0 

1929 

100.0 

1930 

100.0 

1931 

100.0 

1932 

100.0 

1933 

100.0 

1934 

100.0 

1935 

100.0 

1936 

100.0 

1937  < 

100.0 

'  Irrespective  of  future  use:  for  example.  Includes  Diesel  oil,  gasoline,  lubricants,  and  carbon  black. 

•  Water  power  computed  at  prevailing  central-station  equivalent  for  year. 

•  U  bootleg  coal  were  included  the  proportion  from  anthracite  would  be  6.7  in  1936  and  6.0  In  1937  at  prevailing  water-power  equivalents. 

•  Preliminary. 


The  rise  of  centralized  services  for  the  conversion  of 
raw  fuel  into  heat  and  power  has  been  a  process  of 
continuous  evolution.  We  are  moving  from  the  simple 
economy  of  a  hundred  years  ago,  when  the  consumer 
received  chunks  of  raw  fuel  and  made  his  own  heat  and 
power,  to  an  ultimate  highly  articulated  economy 
wherein  the  consumer  rarely  sees  the  raw  fuel  and  is 
served  by  an  intermediary  utility.  The  utility  receives 
raw  fuel  and  converts  it  into  delivered  heat  or  power, 
all  at  great  savings  in  unit  consumption.  As  an  ex- 
ample, the  output  of  electrical  energy  for  public  use 


increased  from  2.5  billion  kilowatt  hours  in  1902  to 
over  117  billion  in  1937,"  breaking  all  previous  rec- 
ords. More  than  82  percent  of  industry  is  now  electrified 
and  many  of  the  individual  industrial  units  purchase 
central-station  power.  As  is  well  appreciated,  tremen- 
dous growth  in  the  use  of  power  in  the  form  of  elec- 
tricity and  gas  has  also  taken  place  in  the  household. 
Increases  also  have  occurred  over  the  years  in  the  field 
of  district  heating  by  means  of  steam.     However,  in 


•"Electric  Light  and  Power,"  Bureau  of  Foreign  and  Domestic  Com- 
merce, Survey  of  Current  Business,  vol.  18,  no.  3,  1938,  p.  29. 
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recent  years  such  heat  furnished  by  the  public-utility 
companies  presented  no  noticeable  changes.  Although 
there  was  a  moderate  amount  of  line  extension  in  sev- 
eral cities,  activities  were  reported  to  be  confined 
mainly  to  routine  operation  and  service/" 

The  field  of  utilities  supplying  heat  by  means  of 
either  high-  or  low-pressure  steam  is  limited  to  urban 
areas  having  a  high  density  of  space  to  be  heated,  such 
as  office  buildings,  hotels,  and  apartments.  Generally 
it  is  not  considered  economical  to  furnish  steam  heat 
to  detached  dwellings  from  a  central  plant  in  the  dis- 
trict. Modern  stoker-, ^^  oil-,^-  and  gas-fired  residential 
heating  plants  operate  more  efficiently  than  hand-fii'ed 
furnaces. 

Processing  of  Raw  Fuel 

Seventy  years  ago  iron  was  smelted  largely  by  raw 
coal  and  virtually  all  other  fuel  was  burned  in  the  raw 
state.  Now  coke  has  entirely  supplanted  coal  as  a  blast- 
furnace fuel  except  at  a  few  isolated  furnaces.  This 
change  is  primarily  responsible  for  the  growth  of  coal 
carbonization,  as  evidenced  by  the  production  of  52 
million  tons  of  coke  in  1937 — the  largest  amount  since 
1929. 

n igh-temperaf-ure  carbonization. — Loss  of  valuable 
byproducts  in  the  combustion  of  raw  bituminous  coal 
has  been  a  favorite  subject  of  discussion  for  many  years 
in  coimection  with  the  conservation  of  coal.  It  is 
pointed  out  that  the  coke,  gas,  tar,  light  oil,  and  am- 
monia obtained  in  the  distillation  of  a  ton  of  coal  have 
a  greater  value  than  the  raw  coal  from  which  they  are 
obtained.  This  statement  is  true  only  within  the  limi- 
tations of  the  available  market  for  these  products,  and 
unfortunately  the  United  States  does  not  provide  a 
large  market  for  the  byproducts  of  coal  distillation. 
Only  48  percent  of  the  603,053,288  gallons  of  tar  pro- 
duced in  1937  was  sold  for  refining  into  tar  products. 
The  remainder  was  used  as  fuel,  principally  by  the 
producers  in  the  open-hearth  furnaces  of  affiliated  steel 
plants.  The  average  value  of  the  tar  sold  was  $0,048 
per  gallon. 

Light  oil  has  a  better  market  than  tar.  The  excess 
not  required  for  refined  benzol,  toluol,  xylol,  etc.,  is 
readilj'  absorbed  in  the  production  of  antiknock  motor 
fuel.  But  there,  also,  the  price  realization  is  low, 
due  to  the  low  price  of  gasoline.  Approximately  one- 
half  of  the  187,054,346  gallons  of  crude  light  oil  pro- 


^'^  Competition  in  House-Heating  and  Activity  in  Minimum  Standards 
Emphasized  in  '38,''  Heating  and  Ventilating,  vol.  36,  January  1939, 
p.  3.5. 

"Yancey,  H.  F.,  Jolinson,  K.  A.,  Lewis,  A.  A.,  and  Cordiner, 
J.  B.,  Jr.,  Burning  of  Various  Coals  Continuousty  and  Intermittently 
on  a  Domestic  Overfeed  Stol-er,  Bureau  of  Mines,  Report  of  Investiga- 
tions 3379,  January  193S.  30  pp. 

"=  Seiiner,  Arthur  H.,  A  Study  of  the  Oil  Burner  as  Applied  to  Domes- 
tic Heating,  U.  S.  Dept.  of  Agriculture  Tech.  Bull.  109,  1938,  44  pp. 


duced  in  1937  was  refined  into  benzol,  toluol,  xylol, 
and  solvent  naphtha,  and  the  remainder  was  refined 
for  motor  fuel.  The  average  sales  price  of  the  motor 
benzol  at  the  coke-oven  plants  was  $0,089  per  gallon. 

Ammonium  sulphate,  formerly  one  of  the  most 
remunerative  byproducts,  brought  an  average  return  of 
only  $0,014  a  pound.  Gas  is  the  only  coke-oven  by- 
product that  has  not  declined  in  value  during  the  last 
decade.  The  average  value  of  the  coke-oven  gas  sold 
in  1937  was  $0,158  per  1,000  cubic  feet.  The  average 
receipts  per  ton  of  furnace,  foundry,  and  water-gas 
coke  sold  in  1937  were  $4.22,  $7.91,  and  $6.25, 
respectively.^^ 

It  is  evident  from  these  figures  that  the  financial 
return  from  byproducts  offers  comparatively  little 
incentive  for  carbonizing  coal  in  the  United  States 
except  where  there  is  an  active  demand  for  the  coke. 
This  is  due  to  the  abundance  of  petroleum  and  natural 
gas,  which  effectively  compete  with  the  byprodiu-ts  of 
coal  carbonization.  The  low  price  of  natural  and  re- 
finery gases,  fuel  oil,  and  gasoline  reduces  the  return 
from  coal  gas,  tar,  and  light  oil  to  the  point  where 
these  products  cannot  pay  the  cost  of  carbonization, 
except  under  special  and  limited  conditions.  Also  the 
development  of  processes  for  synthesizing  ammonia 
from  nitrogen  and  hydrogen  has  reduced  the  price  of 
this  byproduct  to  the  point  where  it  barely  covers  the 
cost  of  recovery  from  coal  gas.  Under  these  condi- 
tions the  carbonization  of  coal  in  the  United  States 
depends  mainly  on  the  market  for  coke. 

The  decline  in  the  beehive  process  of  producing  coke 
was  greatly  accelerated  by  war  demands  for  benzol  and 
toluol — produced  from  the  distillation  of  coal  in  by- 
product ovens — in  the  period  from  1914-19.  Follow- 
ing this  period,  byproduct-oven  plants  were  erected  in 
a  number  of  the  larger  cities  for  producing  city  gas 
coincident  with  the  supplying  of  coke  for  domestic 
heating.  Gas  companies  gave  special  attention  to  pre- 
paring coke  in  the  sizes  most  suitable  for  domestic 
heating,  and  they  conducted  educational  campaigns  on 
methods  of  burning  coke  in  house-heating  furnaces. 
As  a  result,  the  use  of  domestic  coke  continued  to  in- 
crease until  recently.  No  doubt  this  increase  would 
have  been  greater  but  for  unexpected  revival  of 
competition  from  natural  gas.  Completion  of  long- 
distance pipe  lines,  extending  as  many  as  1,000  miles 
from  the  prolific  southwestern  gas  fields  to  the  central 
and  much  of  the  eastern  United  States  in  the  years 
following  1928  entirely  stopped  further  expansion  of 
the  coal-gas  industry. 

Low-temperature  carbonization. — For  domestic  heat- 
ing purposes,  ease  of  ignition  and  high  combustibility 


i^Bpnnit,   H.  L.,  Bureau  of  Mines,  Col^e  and  Byproducts  Tables,  1937, 
Mimeographed  Octoher  ID,  1938,  29  pp. 
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are  not  so  inipuiiaiil  in  iuniace  fuel  as  in  fuel  for 
open-grate  fires.  Therefore,  the  incentive  to  manufac- 
ture low-temperature  coke  is  not  so  great  here  as  in 
England.  Nevertheless,  large  sums  have  been  spent 
in  the  United  States  in  attemjUing  to  develop  a  low- 
temperature  carbonization  industry.  Most  of  the 
processes  and  two  large  conunercial  plants  have 
failed.  However,  three  low-temperature  processes  have 
survived  the  depression  and  have  operated  more  or 
less  intermittently  on  a  commercial  scale.  Lehigh 
Briciuetting  Co.  at  Dickinson,  X.  Dak.,  has  increased 
the  capacity  of  its  plant  for  the  carbonization  of  lig- 
nite by  the  Lurgi  process  to  60,000-70,000  tons  of 
briquets  per  year. 

The  Pittsburgh  Coal  Carbonization  Co.  has  devel- 
oped the  Wisner  process  to  a  full  connnercial  scale  and 
is  now  operating  three  rotary  units  at  its  Champion 
No.  1  cleaning  plant  near  Pittsburgh,  Pa.  The  com- 
bined capacity  of  the  three  units  is  32.5  short  tons 
of  coal  per  day.  The  coke  produced  does  not  require 
briquetting  and  issues  from  the  retorts  in  the  form  of 
strong,  dense  balls  up  to  G  inches  in  diameter.  This 
fuel  is  easily  ignitible,  essentially  smokeless,  and  con- 
tains 15  to  18  percent  volatile  matter.  It  is  sold  regu- 
larly in  a  number  of  cities  and  seems  to  find  a  ready 
market  at  about  the  same  price  as  high-temperature 
coke.  The  raw  coal  used  in  the  process  is  cleaned  fine- 
sized  coal  from  the  washery,  which  is  difficult  to  market 
as  such.  Hence  this  operation  is  in  the  interest  of  con- 
servation since  it  produces  a  high-grade  fuel  from  a 
material  otherwise  difficult  to  sell. 

The  usual  bj'products  of  gas,  tar,  and  light  oil  are 
lecovered  in  all  of  these  processes,  but  on  account  of 
their  low  value,  determined  by  the  competition  of 
natural  gas  and  petroleum,  it  is  obvious  that  the  eco- 
nomic survival  of  these  low-temperature  processes  de- 
pends largely  upon  the  difi'erential  between  sales  reali- 
zati(m  of  the  low-temperature  coke  and  that  of  the  raw 
material  carbonized. 

Medium-temperature  carbonization. — No  medium- 
temperature  carbonization  processes  such  as  that  of 
H.  Koppers,  of  Germany,  have  been  introduced  in  the 
United  States.  However,  the  Curran-Knowlcs  sole-flue 
ovens,  which  were  installed  in  1933  by  the  Radiant  Fuel 
Corporation  at  AVest  Frankfort,  111.,  produce  a  coke  that 
is  a  mixture  of  high-  and  medium-temperature  coke  by 
heating  the  horizontal  charge  from  the  bottom  only. 
This  process  appears  to  have  some  advantage  in  the 
production  of  an  easily  combustible  smokeless  fuel 
from  poorly  coking  coals  or  difficulty  marketable  fines 
tliat  are  not  capable  of  being  handled  in  the  usual 
vertical  type  byproduct  oven.  The  West  Frankfort 
plant,  consisting  of  26  ovens,  has  a  capacity  of  300  tons 
of  coal  per  day. 


Complete  gasification. — Tiie  production  of  prutlucer 
gas  for  power  and  heating  furnaces  has  declined 
steadily  in  the  United  States,  due  to  the  increasing 
abundance  of  natural  gas  and  petroleum.  Also,  ovens 
for  the  production  of  metallurgical  coke  usually  are 
installed  at  the  steel  plants,  and  the  byproduct  gas 
and  tar  are  used  instead  of  producer  gas  for  heating 
metallurgical  furnaces. 

Likewise,  the  manufacture  of  carbureted  water  gas 
for  city  gas  has  suffered  from  the  inroads  of  natural 
gas,  petroleum  refinery  gases,  and  the  propane  and 
butane  fractions  of  natural  gas.  The.«e  developments 
have  conserved  natural  gas  and  petroleum  products 
formerly  wasted,  and  therefore  are  on  the  credit  side 
of  the  national  fuel  ledger;  but  they  have  added  to 
the  economic  difficulties  of  tlie  coal  industry  by  re- 
ducing the  demand  for  the  products  of  coal  carboniza- 
tion and  gasification. 

Hydrof/cnation  of  coal. — The  United  States  with  its 
tremendously  developed  petroleum  industry  has  not 
yet  felt  the  need  for  producing  liquid  fuels  from  coal. 
Undoubtedly  the  time  will  come  when  the  decline  in 
the  discovery  of  new  pools  of  petroleum  will  require 
supi)lementary  sources  of  motor  fuel.  Such  sources 
are  available  in  large  reserves  of  bituminous  and  sub- 
bituminous  coal,  lignite,  and  oil  shale.  These  ma- 
terials are  widespread  in  the  United  States  and  all  of 
tliem  are  amenable  to  hydrogenation. 

An  experimental  plant  for  the  continuous  hydro- 
genation of  about  100  pounds  of  coal  per  day  has  been 
installed  at  the  Pittsburgh  Station  of  the  Federal  Bu- 
reau of  Mines  for  determining  the  amenability  of  dif- 
ferent ranks  and  types  of  American  coals  to  liquefac- 
tion by  hydrogenation.  So  far  experimental  runs  have 
been  made  on  coals  from  the  Pittsburgh  bed  in  Penn- 
sylvania and  the  No.  fi  bod  in  Illinois.  Additional 
coals  to  be  jiut  through  the  plant  in  the  immediate 
future  include  a  high  volatile  bituminous  coal  from 
Washington,  a  subbituminous  coal  from  Colorado, 
and  a  lignite  from  North  D:d<ota.  Work  on  the  Pitts- 
bui-gh  bed  coal  showed  that  it  was  possible  to  liquefy 
about  75  percent  of  the  coal  (moisture-  and  ash-free 
basis).  The  liquid  jiortion  consisted  of  equal  quanti- 
ties of  light  oil  and  heavy  oil.^* 

Growth  of  petroleum  refining. — ^At  the  beginning  of 
the  fuel  economy  movement  30  years  ago,  the  petroleum 
industry'  was  in  what  has  been  aptly  called  the  "kero- 
sene age"  ^°  because  this  was  the  principal  product 
desired  by  the  oil  refiner.  Kerosene  was  then  called 
"coal  oil"  because  it  was  first  produced  by  the  distil- 


"  Storch.  n.  H..  Hirst,  L.  L.,  Golden.  P.  L.,  and  others.  "Coal  Hydro 
gcnalion,  U.  S.  Bureau  of  Mines  Experimental  Plant,"  Jour.  Ind.  and 
Eng.  Clicm..  vol.  29.  19.37.  pp.  1377-1380. 

■' Egloff,  Gustav,  Earth  Oil.  Williams  and  Wiliiins  Co.,  Baltimore. 
1938,  p.  125. 
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lation  of  coal.  With  the  discovery  of  petroleum  in 
Pennsylvania  by  Drake  in  1859,  many  of  the  60  coal- 
distillation  plants  -were  adapted  to  the  processing  of 
petroleum.^^  The  transition  from  the  kerosene  to  the 
gasoline  age  resulted,  of  course,  from  the  increased  use 
of  the  automobile  and  from  about  1912  the  petroleum 
refining  industry  increased  rapidly.  In  1908,  83  per- 
cent of  the  178-million-barrel  production  of  petroleum 
was  refined.  In  recent  years,  from  90  to  98  percent  of 
the  1-billion-barrel  production  has  been  so  treated. 
However,  the  principal  changes  that  have  come  about 
with  the  growth  of  petroleum  refining,  aside  from  the 
tremendous  increase  in  production,  have  been  the  tech- 
nologic advances  which  allow  the  refiner  to  increase 
the  yield  of  the  particular  product  or  variety  of  prod- 
ucts demanded  by  the  market.  Table  2  shows  the 
changes  that  have  occurred  in  the  yields  of  products 
for  3  selected  years— 1909, 1920,  and  1937. 

Especially  significant  with  the  passage  of  time  are 
the  decreasing  percentage  of  kerosene  and  the  increas- 
ing amounts  of  gasoline.  Comparatively  recent  tech- 
nical developments,  such  as  the  use  of  the  hydrogena- 
tion  process  for  crude  oil  and  the  reforming  of  the 
lighter  fractions  of  petroleiun  by  polymerization  into 
gasoline  of  high  antiknock  value,  may  be  regarded  as 
conservation  measures  because  of  the  facility  with 
which  changing  market  demands  may  be  met  and  also 
because  increased  efficiency  of  utilization  becomes 
possible. 

Table  2. — Percentage  yields  of  refined  petroleum  products  in  the 
United  States 


Product 


Kerosene  or  Uluminating  oil. 

Gasoline 

Oas  oil  and  distillate  fuel  oil. 

Gas  oil  and  fuel  oil — 

Residual  fuel  oils 

Lubricating  oils 

Greases. 

Lubricants 

Wax 

Coke 

Asphalt- 

Hoad  oil 

Still  gas 

other  and  losses 


Year 


1909 1       1920 '       1937 ' 


37.9 
11.7 


33.6 

10.6 

.1 


5.2 


11.3 
19.5 


5.7 
.4 


11.8 


5.5 
43.9 
12.4 


26.2 


3.0 
.1 
.5 

2.0 
.7 

5.2 
.5 


» Mineral  Resources  of  the  United  States,  1910,  Geological  Survey,  pt. 
II,  p.  35T. 

"  Computed  from  data  given  in  Mineral  Resources  of  the  Utiited  States, 
lD2i,  pt.  II,  Bureau  of  Mines,  p.  455. 

'  Minerals  Yearbook,  193S,  Bureau  of  Mines,  p.  862. 

Natural  gas. — The  volume  of  natural  gas  sold  in  the 
United  States  has  increased   from  481  billion  cubic 
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feet  in  1909  to  2,370  billion  cubic  feet  in  1937,  approxi- 
mately a  fivefold  increase.^'  The  principal  uses  are 
in  field  operation,  the  manufacture  of  carbon  black 
(a  nonfuel  use),  as  fuel  for  petroleum  refineries  and 
electric  public  utility  power  plants,  as  fuel  for  the 
manufacture  of  Portland  cement,  processing  for  the 
recovery  of  natural  gasoline,  and  for  domestic  and 
commercial  consumption.  For  the  latter  purpose,  it  is 
often  used  to  enrich  manufactured  gas.  The  consump- 
tion of  such  mixed  gases  is  increasing  in  large  popu- 
lation centers  with  the  growth  of  long-distance  inter- 
state pipe-line  transportation.  Domestic  consumption 
of  natural  gas  was  364  billion  cubic  feet  in  1937,  or 
about  15  percent  of  the  total  marketed  production. 
Commercial  users  took  5  percent  of  the  total  produc- 
tion and  industrial  users  80  percent. 

Fuel  irlquets. — The  manufacture  of  fuel  in  lump 
form  from  fine-sized  material  may  be  regarded  as  a 
process  operation,  although  the  fuel  itself  is  unchanged, 
chemically,  except  as  it  may  be  more  efficiently  utilized 
in  a  coarser-sized  form.  Although  the  briquetting  of 
fuel,  principally  of  low-volatile  coal  and  of  small 
amounts  of  carbon  produced  in  the  manufacture  of  gas 
from  petroleum,  has  been  increased  markedly  during  the 
past  30  years— from  66,524  tons  in  1907  to  995,930  in 
1937,^^  briquetting  in  the  United  States  has  never  be- 
come as  important  an  industry  as  it  has  in  Europe. 
The  1937  world  production  data  are  incomplete,  but 
the  production  in  the  most  important  briquet-making 
foreign  countries  (Germany,  France,  and  Belgium) 
totaled  about  69  million  tons  as  compared  with  less 
than  1  million  tons  in  the  United  States. 

In  recent  years  paper-wrapped  cubes  of  coal,  pre- 
pared by  compressing  raw  screenings  with  a  small 
amount  of  starch  binder  and  water,  have  been  marketed 
in  increasing  quantities  by  retail  coal  j-ards  as  pack- 
aged fuel;  the  paper-wrapped  jiackages  usually  con- 
tain six  3-  to  4-inch  cubes  and  weigh  from  10  to  15 
pounds.  In  1937,  64  manufacturers  produced  146,037 
tons,  principally  in  the  States  of  Michigan,  Iowa, 
Wisconsin,  and  Minnesota." 

Mechanical  cleaning  of  coal. — Prior  to  1920  mechani- 
cal cleaning  of  bituminous  coal  to  reduce  its  ash  and  sul- 
phur content  was  confined  largely  to  that  used  for  the 
manufacture  of  metallurgical  coke.  Since  that  time  the 
keen  competition  caused  by  excess  mine  capacity  and 
the  introduction  of  mechanical  methods  of  mining  and 
loading  has  led  to  the  use  of  wet  and  pneumatic 
methods  of  cleaning  coal  for  general  industrial  and  do- 


"  Nelson,  W.  L.,  Petroleum  Refinery  Engineering,  McGiaw-Hill  Booli 
Co.,  1936,  p.  5. 


"  McBride,  R.  S.,  and  Sievers,  E.  G.,  "Natural  Gas  in  1010-1921," 
Geological  Survey,  Mineral  Resources  of  the  United  Stales,  Mil,  pt.  II, 
p.  341,  and  Lott,  F.  S..  and  Hopkins,  G.  E.,  "Natural  Gas,"  Bureau  of 
Mines,  Minerals  Ycarhook.,  103S,  p.  907. 

's  Goodman,  G.  S.,  "Fuel  Briquets  and  Packaged  Fuel,  '  Bureau  of 
Mines,  Minerals  Yearbook,  I'JSS,  pp.  795  and  803. 

"/M(Z.,  footnote  IS,  p.  795. 
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mestic  use  as  well.  The  percentage  of  the  total  produc- 
tion of  bituminous  coal  cleaned  has  increased  from  5.3 
percent  in  1927  to  14.7  percent  in  1937.=°  This  trend 
has  favored  conservation,  since  mechanical  cleaning 
has  made  it  possible  to  crush  the  lumps  of  impure  coal 
discarded  on  the  picking  table  and  to  recover  the  con- 
siderable quantity  of  fuel  they  contain.  At  the  same 
time  the  cleaner  product  obtained  can  be  utilized  with 
greater  efficiency.  Clean  coking  coal  produces  less 
wastage  in  coke  breeze  "  and  reduces  clinker  trouble  in 
gasification.  Modern  coal-washing  plants  operate 
under  careful  scientific  control.  Their  products  are  of 
uniform  composition  from  day  to  day.  This  uniform- 
ity of  composition  promotes  efficient  utilization,  and, 
finally,  there  is  a  material  saving  in  transportation 
charges  per  unit  of  energy  by  elimination  of  the  use- 
less ash-forming  material  discarded  as  i-efuse. 

Efficiency  in  consmnption. — All  of  the  processing  de- 
velopments previously  discussed  tend  to  save  fuel  but  at 
the  same  time  they  intensify  competition  between  rival 
sources  of  energy.  Much  of  the  advance  in  fuel  tech- 
nology has  of  course  been  devoted  to  improving  per- 
formance rather  than  to  reducing  unit  consumption. 
A  conspicuous  example  is  the  motor  car.  American 
designers  have  emphasized  speed,  power,  and  accelera- 
tion rather  than  fuel  economy.  The  mileage  per  gal- 
lon has  not  increased  as  much  as  power  has  been 
stepped-up  Avitli  the  same  unit  consumption  in  order 
to  increase  lierformance. 

In  other  fields  of  industry  tliere  has  been  extraor- 
dinary progress  in  the  reduction  of  fuel  consumption 
per  unit  of  product.  This  increase  of  efficiency  since 
the  advent  of  the  mechanical  age  has  aided  greatly  in 
conserving  our  mineral  fuel  resources.  The  trend  to- 
ward increasing  efficiency  has  been  marked  in  both  do- 
mestic and  industrial  lines,  but  strikingly  in  the  field  of 
power  production  from  coal,  as  is  shown  in  table  3. 

As  illustrated,  the  pounds  of  coal  consumed  per  kilo- 
watt-hour generated  have  decreased  from  6.4  in  1902  to 
1.44  in  1937,  a  reduction  of  77.5  percent.  Similar, 
though  less  marked,  coal  savings  have  occurred  in  rail- 
road transportation,  in  iron  blast- furnace  smelting,  and 
in  coke  manufacture.  Table  4  shows  the  progress  of 
fuel  economy  for  these  industries  for  1919,  1926,  and 
1937  in  comparison  with  electric  public  utility  power 
plants  for  the  same  years. 

Although  industries  that  burn  coal  have  made  the 
greatest  strides  in  increased  efficiency  of  utilization. 


significant  improvements  also  have  taken  place  in  the 
fuel  economy  of  petroleum  refineries.  In  1919,  849,000 
B.  t.  u.  represented  the  energy  consumed  in  refining 
one  barrel  of  crude  petroleum.  In  1937  this  figure 
dropped  to  554,000  B.  t.  u.,"  a  saving  of  34.7  percent. 
The  combined  savings  in  transport  and  industry  have 
probably  averaged  40  percent  between  1908  and  1938. 
This  is  more  than  in  any  equal  period  of  time  except 
the  years  immediately  following  Watts'  development  of 
the  steam  engine.  These  savings  are  due  less  to  a  few 
epoch-making  inventions  than  to  the  cumulative  effect 
of  many  small  economies.  Although  the  rate  of  fuel 
saving  in  large  central  power  stations  is  now  slowing 
down,  large  additional  savings  are  assured  in  bringing 
average  performance  nearer  the  level  of  the  best  present 
performance. 

Table  3. — Progress  of  fuel  efficiency  as  indicated  ly  the  average 
consumption  per  kiloicatt-hour  of  electric  public  utility 
power  plants  in  the  United  States,  1902-37  ^ 


Year 

Coal  con- 
sumed per 

kilowatt- 
hour 
ponorated  • 

Year 

Coal  con- 
sumed per 

kilonatt- 

hour 
generated  ' 

1902. 

Pounds 
6.4 
6.4 
4.5 
3.47 
3.22 
3.04 
2.73 
2.61 
2.41 
2.22 
2.07 
1.95 

1927 

Pounds 
1.84 

1907.  ..            

1928 

1.78 

1912 

1929                           

1.69 

1917. 

1930 

1.62 

1919.    .                          ...  . 

1931 

1.65 

1920 

1932 

1.50 

1921. 

1933 

1.47 

1922.  ..                 

1934 

1.47 

1923 

1935 

1.49 

1924 

1936 

1.45 

1925 

1937 

1.44 

1926 

'Figures  for  1902-17  from  a  special  study  by  F.  G.  Tryon  for  the 
Brookings  Institution.  Transactions,  Second  World  Power  Conference, 
Berlin  1930.  vol.  VI,  pp.  244.  245;  those  for  1910  to  1935,  from  A.  H. 
Horton,  Division  of  Tower  Resources,  U.  S.  Geological  Survey ;  those 
for  19:!C  and  1037  from  Bureau  of  Mines,  Minerals  Yearbook,  1938, 
p.  692. 

'  Includes  coal  equivalent  of  oil,  gas,  and  wood. 

The -cumulative  effects  of  all  fuel  economies  have 
been  moi-e  than  incidental  repercussions  so  far  as  the 
coal  industry  is  concerned,  but  adverse  effects  will  be 
outweighed  ultimately  by  permanent  benefits.  Never- 
theless, advances  in  fuel  economy,  although  contribut- 
ing to  the  instability  of  coal  production,  have  at  the 
same  time  caused  a  reduction  in  the  delivered  cost  of 
energy  and,  most  importantly,  resulted  in  prolongation 
of  the  life  of  underground  fuel  reserves. 


=°  Young,  W.  H.,  Mann.  L.,  Bennit,  H.  L..  and  Tryon,  F.  G.,  "Coal," 
Bureau  of  Mines,  Minerals  Yearbook,  1935,  Statistical  Appendix,  p.  275, 
and  Minerals  Yearbook,  1938.  p.  689. 

='  Ficldner,  A.  C.  Influence  of  Washing  Coal  on  Coke  Properties  and 
on  Clas  and  Byproduct  Yields,  Bureau  of  Mines.  Report  of  Inveetiga- 
tions  3020,  1930,  13  pp.,  and  Report  of  Investigations  3114,  1931,  9  pp. 


^  Ilopklnj.  G.  R.,  Progress  of  Fuel  Economy  at  Petroleum  Refineries 
in  the  United  States,  Bureau  of  Mines,  Rept.  of  Investigations  2829, 
1927,  p.  2,  and  Hopkins,  G.  It.,  Survey  of  Fuel  Consumption  at  Refin- 
eries in  1937,  Bureau  of  Mines,  Rept.  of  Investigations  3430,  1938,  p.  1. 


376 


National  Resources  Committee 


Table  4. — Indicators  of  the  effect  of  fuel  economy  on  consump- 
tion of  coal  per  unit  of  performance  since  the  World  War^ 


Steam  railroads: 

Pounds  per  1,000  gross  ton-miles  freight  service; 

Average.  1919-20 - 

Average.  1936 

Average,  1937 

Pounds  per  passenger-train  car-mile: 

Average,  1919-20... 

Average,  1936 

-A-verage.  1937 

Iron  and  steel— pounds  coking  coal  per  ton  of  pig:' 

1918 

1936 

Coke  manufacture:  Savings  of  heat  values  through  recovery  of 
gas,  tar,  light  oils,  and  breeze  by  extension  of  byproduct  in 
place  of  beehive  cokin?,  1913-36,  expressed  as  percent  of  coal 

used  for  all  coke  in  1936  3 

Electric-public-utility  power  plants: 

Pounds  per  kilowatt-hour,  1919.. 

Pounds  per  tilowatt-hnur,  1936 

Pounds  per  kilowatt-hour,  1937 


Pounds 


170 
119 
117 

18.5 
15.3 
15.1 

3,577 
2,901 


3.2 
1.4 
1.4 


Reduc- 
tion 


Percent 


30.0 
31.2 


17.3 
18.4 


56.2 
56.2 


iFrom  McMillan,  M.  E.,  Anderson,  R.  L.,  Tryon,  F.  G.,  McBride, 
J.  W.,  "Bituminous  Coal."  Bureau  of  Mines,  Minerals  Teariook,  1938, 
p.  716. 

=  Includes  only  savings  through  higher  yields  of  merchantable  coke 
per  ton  of  coal  charged  and  lower  consumption  of  coke  per  ton  of  iron. 
Excludes  economies  through  recovery  of  byproducts,  which  are  treated 
in  next  item. 

^  These  byproducts  are  used  in  part  for  boiler  fuel,  in  part  for  metal- 
lurgical purposes,  in  part  for  domestic  heating  and  cooking,  and  to  a 
small  extent  for  automotive  fuel. 

Use  Selection  of  Fuels 

Although  the  economic  incentive  of  cost  saving 
works  effectively  to  promote  fuel  economy,  it  con- 
tributes little  toward  guiding  the  substitution  of  low- 
grade  resources  for  the  short-lived,  high-grade  ones. 
Fuel  technology  has  nevertheless  pointed  out,  in  part, 
the  means  of  using  the  abundant  low-grade  resources, 
and,  at  the  same  time,  has  been  equally  active  in  show- 
ing how  better  results  may  be  obtained  from  the  more 
limited  high-grade  resources.  From  the  standpoint  of 
economic  utilization,  the  advantage  generally  remains 
with  the  high-grade  material. 

The  consumer  responds  to  the  incentive  of  price,  but 
he  naturally  seeks  the  immediate  bargain  in  heat  units 
with  little  consideration  of  long-time  effects.  The  cost- 
saving  incentive  is  sensitive  to  the  immediate  advan- 
tage and  is  generally  blind  to  distant  effects. 

Developments  of  the  future  in  fuel  utilization  in  the 
United  States  depend  to  a  large  degree  on  the  extent 
of  the  supply  of  petroleum,  natural  gas,  and  water 
power.  Reduction  of  waste  in  the  refining  of  oil  and 
gas  is  still  in  progress,  as,  for  example,  the  large-scale 
production  of  "polymer"  gasoline  from  refinery  gases, 
propane,  and  butane  during  the  past  years,  and  the 
more  recent  catalytic  cracking  processes.  Long-dis- 
tance natural-gas  pipe  lines  are  not  as  yet  working  at 
full  capacity.     The  number  of  Diesel  engines  is  in- 


creasing rapidly,  and  large  hydroelectric  projects  are 
being  built  at  an  increasing  pace.  Certainly,  there  is 
no  prospect  for  a  relative  increase  in  the  demand  for 
coal  in  the  immediate  future.  In  the  more  distant  fu- 
ture, coal  will  be  required  to  supplement  and  ultimately 
to  replace  petroleum  and  natural  gas.  As  supplies  of 
oil  from  national  reservoii-s  begin  to  fail,  the  United 
States  may  turn  to  its  larger  reserves  of  oil  shale.  The 
great  reserve  of  motor  fuel,  however,  lies  in  the  huge 
store  of  coal,  suitable  for  treatment  by  hydrogenation 
and  synthesizing  processes. 

In  the  meantime,  coal  on  the  average  remains  our 
cheapest  fuel,  and  for  this  reason  alone  it  must  retain 
a  substantial  position  in  the  Nation's  fuel  supply.  Re- 
search and  invention  should  develop  further  economy 
and  convenience  in  utilization.  In  fact,  the  national 
energy  economy  demands  that  technological  research 
should  be  centered  on  coal  so  that  it  can  meet  all  of  the 
Nation's  requirements  which  do  not  specifically  demand 
a  liquid  fuel.  The  petroleum  supply  should  be  re- 
served for  those  special  automotive  needs  that  can  be 
served  best  by  a  liquid  fuel,  thus  delaying  as  long  as 
possible  the  day  when  motor  fuel  must  be  made  from 
coal  at  necessarilj'  higher  costs. 

From  the  longer  range  viewpoint  of  the  Nation  as 
a  whole,  consideration  should  be  given  within  common- 
sense  limits  to  the  reservation  of  oil  primarily  for 
motor  fuel  and  lubricants  with  discouragement  of  its 
indiscriminate  use  as  boiler  fuel,  especially  in  regions 
of  the  country  where  coal  is  readily  accessible.  Simi- 
larly, natural  gas  might  well  be  reserved  for  domestic 
and  specialized  industrial  uses,  including  conversion 
into  chemical  products  in  regions  where  coal  is  not 
plentiful.  Coking  coals,  low  in  sulphur  content,  should 
be  reserved  for  metallurgical  use;  especially  the  high- 
grade  coking  coals,  which  are  relatively  scarce,  should 
be  blended  with  poor  coking  coals  for  such  use.  The 
use  of  all  other  coals  for  steam  generation  should  be 
encouraged. 

Obviously,  such  long-range  objectives  in  the  conser- 
vation of  our  fuel  resources  cannot  be  allowed  to  ob- 
scure completely  our  present-day  necessities,  but  they 
deserve  consideration  even  in  the  day-to-day  decisions 
of  f)ublic  administration.  The  largest  savings  can  be 
made  in  the  field  of  production  rather  than  of  con- 
sumption. Sumptuary  regulations  offer  little  of  value. 
Public  policy  in  the  realm  of  fuel  consumption  should 
center  on  stimulation  of  research  and  the  widest  pos- 
sible dissemination  of  technologic  improvements. 

Organization  of  Fuel  Research 

Organized  fuel  research  in  the  United  States  with  a 
view  to  conserving  fuel  resources  on  a  national  scale 
began  with  the  establishment  of  the  United  States  fuel- 
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testing  plant  at  thf  Louisiana  Purolmse  Exposition  in 
St.  Louis,  Mo.,  in  l!l(>4.  Tin'  lioiliM-  ami  fiuinne- 
eflRciency  I'Xpi'iiiiu'iits  cniKliifti'il  with  various  coals 
denioiistratml  gieat  possibilities  in  saving  coal  i)y  better 
combustion,  ami  stinnihited  private  iiulustry  in  further 
developments  and  improvement  of  power-plant 
equipment. 

Goveriunent  fuel  re.search  initiated  l)y  the  fuel  testing 
plant  lias  been  continued  and  amplified  by  tlie  United 
States  Bureau  of  Mines  tlirough  subseiiuent  years  and 
up  to  the  present  time.  <  Mwv  piililic  agencies,  not;il>ly 
the  technical  schools  anil  the  State  engineering  experi- 
ment stations,  carry  on  research  in  this  field  and  edu- 
cate young  engineers,  wlio,  entering  the  employ  of  in- 
dustry, put  into  iiractice  tlie  idea  of  greater  efficiency 
in  the  utilization  of  fuel  for  tlie  in-oduction  of  he.U 
and  power. 

The  various  petroleum  anil  gas  companies  and  affil- 
iated national  societies,  the  manufacturers  of  i)ower- 
plant  equipment,  the  larger  fuel-using  corporations, 
and  tlie  public  utilities  in  particular  have  established 
technical  re.search  departments  which  in  the  aggregate 
have  made  enormous  .strides  in  practical  fuel  conser- 
vation by  increasing  the  efficiency  of  utilization. 

In  tlie  last  decade,  when  further  advancement  has 
called  for  more  intensive  effort,  industry  has  re- 
sponded by  financing  research  by  well-coordinated, 
scientific  research  laboratories  such  as  the  coal  research 
laboi-atory  of  the  Carnegie  In.stitute  of  Technology  at 
I'ittsburgh,  Pa.;  the  research  laboratoiy  of  the  An- 
thracite Institute  at  Primos.  Pa.:  the  fuel  research 
groups  of  Bituminous  Coal  Research,  Inc..  at  Battelle 
Memorial  In.stitute.  Columbus,  Ohio.,  and  at  the  min- 
eral industries  experiment  station.  State  College,  Pa.: 
and  research  fellowships  at  Mellon  Institute,  Pitts- 
burgh, Pa.,  and  at  various  universities.  In  the  interest 
of  conservation,  such  investigations  should  be  con- 
tinued and  enlarged.  The  problems  are  many  and 
varied  in  nature,  and  best  results  will  be  obtained  by 
conducting  widespread  research  at  many  places. 

Use  Economy  and  Resource  Value 

The  rciiuukalile  advames  made  in  the  efficiency  of 
utilization  of  coal  and  other  fuels,  while  acting  to  pro- 
long the  life  of  the  7iational  reserves,  also  emphasize 
the  importance  of  conservation  in  mining  itself.  By 
increasing  the  number  of  horsepower-hours  that  can 
be  developed  from  1  ton  of  coal,  the  fuel  technologist 
makes  it  more  worth  while  to  recover  tliat  ton  than  to 
waste  it  underground.  The  trend  of  the  dollar  price 
of  raw  fuel  does  not  give  the  full  measure  of  its  value. 
A  decline  in  price  may  mean  chiefly  that  the  mining 
engineer  has  found  ways  of  getting  the  fuel  out  with 
less  labor  than  before.     Another  test  is  the  muiiber  of 
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horsepower-hours  that  can  be  got  from  the  fuel.  If 
that  is  doubled,  the  potential  use  value  of  the  raw  fuel 
is  also  doubled  in  a  special  but  very  real  sense. 

The  advance  of  technology  tends  to  nniltiply  this 
potential  use  value,  even  though  at  times  it  has  acted 
to  depress  the  money  price.  The  innnediate  effect  of 
increasing  efficiencies  in  combustion  may  be  to  curtail 
the  qiumtity  of  raw  fuel  used,  but  the  long-time  effect 
is  to  stimulate  the  consumption  of  energy  and  thereby 
to  put  a  premiiun  on  the  usefulness  of  fuel  and  to 
liring  it  into  wider  service.  The  long-time  result  is 
clearly  to  enhance  the  inherent  value  of  the  resource. 

An  illustration  of  this  tendency  is  the  evolution 
of  the  internal  combustion  engine.  Its  advantages  in 
flexibility,  which  so  greatly  stimulated  the  demand 
fur  petroleum,  at  first  api)eared  to  encroach  upon  the 
inherent  utility  of  coal,  but  now  that  technology  lias 
found  ways  of  converting  coal  into  motor  fuel,  the  \)o- 
tential  usefulness  of  coal  is  magnified.  Other  examples 
might  be  cited  of  the  way  that  technological  progress 
in  the  a])plication  of  one  fuel  may  contribute  to  the 
potential  value  of  another:  Hydrogenation  was  devel- 
oped in  Germany  as  a  means  of  making  motor  fuel 
from  coal,  but  it  has  found  its  cliief  application  in  the 
United  States  in  increasing  the  yielil  of  gasoline  from 
petroleum.  Technology  is  tending  to  make  the  sev- 
eral forms  of  fuel  more  nearly  interchangeable  and 
more  directly  competitive.  It  is,  of  course,  conceivable 
that  science  may  some  day  develop  sources  of  energy 
chea])er  than  mineral  fuel,  but  we  may  be  quite  certain 
that  it  will  find  ways  of  getting  gi-eater  utility  from 
mineial  fuel.  It  will,  for  example,  find  manifold  uses 
for  oil.  gas,  and  coal  as  law  materials  of  mamifacture 
in  addition  to  their  primary  role  as  .sources  of  heat  and 
power. 

Because  of  these  advances  in  the  technology'  of  con- 
sumption, the  inherent  use  value  of  the  raw  fuel  stead- 
ily appreciates.  In  VM^l.  when  ilie  first  census  of  the 
electrical  industries  gave  an  authentic  picture  of  the 
average  consumption  of  fuel  i)er  luiit  of  power  gen- 
erated, it  required  an  average  of  6.4  jwunds  of  coal 
to  develop  1  k-jlowatt-hour.  The  engineering  advances 
which  have  cut  this  re(|iiirement  to  an  average  of  1.44 
pounds  have,  in  effect.  miiltiplie<l  the  usefulness  of  the 
raw  fuel  more  than  fourfold.  Few  capital  investments 
appreciate  at  faster  rates.  A  dollar  deposited  in  a  sav- 
ings bank-  at  S'/o-percent  compound  interest  in  1902 
would  have  increased  to  3.4.5  dollars  by  1938.  A  ton 
of  coal  saved  underground  foi-  future  recovery  in  1902 
woukl  have  apjireciated  by  l'.i;',S  to  an  e(|uivalent  of 
4.44  tons  in  terms  of  power  derivable  from  it. 

(Conservation  in  u.se  and  conservation  in  extraction, 
therefore,  go  hand  in  hand.  The  ])ast  gains  of  fuel 
technology,  foieshadowing  further  gains  in  the  future, 
reinforce  the  ca.se  for  preventing  waste  in  mining. 


PART    FOUR  — SECTION    I 

THE    CONSERVATION    MOVEMENT    WITH    SPECIAL   REFERENCE 

TO    THE   MINERAL    FUELS  ' 

By  John  VV.  Frey ' 


In  the  United  States  the  genesis  of  the  concept  of 
conservation  of  natiu'al  resources  is  directly  related  to 
the  limitation  of  frontier  expansion.  As  long  as  there 
was  virgin  land  for  farming  available  at  little  more 
than  the  asking,  virgin  forests  bordering  the  areas 
devoured  by  fires  or  the  rapacious  mills,  new  streams 
and  lakes  to  exjtlore  and  fish,  marshes  and  duck  ponds 
alive  with  game,  tliere  was  no  practical  consideration 
given  to  the  problem  of  conservation.  "With  respect 
to  natural  resources,  the  pioneer  was  essentially  an 
individualist ;  he  considered  it  his  inalienable  right  to 
take  what  he  found,  when,  how,  and  in  the  quantity 
he  desired.  The  policy  of  the  Government  up  to  the 
period  of  the  Civil  AYar  generally  reflected  the  pioneer's 
attitude,  and  the  disposal  of  land,  was  considered  pri- 
nuarily  as  a  source  of  revenue  and  as  a  means  of  en- 
couraging settlement.  As  the  country  became  more 
settled  and  the  use  of  our  natural  resources  more  inten- 
sified, the  people  were  faced  with  new  facts  and  were 
forced  to  revise  their  concepts  to  fit  these  new  facts. 

The  apparently  inexhaustible  abundance  of  wildlife 
encountered  by  the  early  settlers  and  colonists  occa- 
sioned little  if  any  thought  for  its  future  welfare  or 
conservation.  However,  its  rapid  depletion  in  more 
settled  regions  affected  the  welfare  of  the  settlements 
and  resulted  in  ordinances  restricting  hunting,  especi- 
ally during  the  period  of  reproduction.  In  Massa- 
chusetts, deer  were  protected  by  a  closed  season  as  early 
as  1693.  By  the  end  of  the  colonial  period,  12  colonies 
had  enacted  game  laws,  but  from  then  until  18.50  only 
7  more  States  passed  such  enactments.  From  the  se- 
quence of  events  during  the  1870's  it  appears  that  the 
depletion  of  wildlife  had  gone  on  apace  and  that  the 
laws  were  inadequate  to  cope  with  the  situation.^  This 
inference  is  supported  by  the  fact  that  a  number  of 
game  and  fish  associations  were  organized  to  improve 


^  This  summary  has  been  prepared  almost  entirely  from  original 
sources,  in  several  cases  unpublished  manuscripts.  As  about  200  items 
were  consulted  it  \vas  considered  more  desirable  to  facilitate  the  read- 
ing than  to  make  so  many  citations.  I  wish  to  thank  members  of  the 
Geological  Survey,  the  Bureau  of  Mines,  and  the  Bureau  of  Reclama- 
tion for  their  assistance  in  supplying  material  and  Dr.  .T.  R.  Whitaker, 
Department  of  Geography,  University  of  Wisconsin,  for  his  construc- 
tive ciitiei.sm  of  the  first  draft. — J.  W.  F. 

2  Associate  Director,  Petroleum  Conservation  Division,  Office  of  the 
Secretary  of  the  Ulterior. 

*  Tile  principal  weakness  of  the  laws  seems  to  have  been  the  lack  of 
provision  for  adequate  administrative  personnel. 
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conditions  affecting  hunting  and  fishing,  and  by  the 
establishment  of  State  fish  commissions  in  4  New  Eng- 
land States  (1865-1867),  and  a  Federal  Fish  Commis- 
sion in  1871  to  look  into  the  apparent  diminution  in 
the  supply  of  fish  and  to  propose  remedial  measures. 
Since  this  first  mo\'e  by  the  Federal  Government,  con- 
tinuing attention  has  been  given  to  the  problem  of 
fish  conservation,  although  progress  has  been  slow  and 
at  times  suspended.  Sportsmen  and  biologists  have 
kept  the  idea  of  game  and  fish  conservation  alive,  and 
much  has  been  accomplished  toward  offsetting  the 
causes  of  de^jletion.  Since  1900  the  Federal  Govern- 
ment has  been  a  constructive  factor,  especially  through 
the  development  of  the  Biological  Survey,  the  Forest 
Service,  the  Bureau  of  Fisheries,  the  Park  Service, 
the  Bureau  of  Lighthouses,  and  through  the  negotia- 
tion of  treaties. 

Deforestation  and  the  destruction  of  the  natural  hab- 
itat of  wildlife  have  been  concomitants,  but  the  deci- 
mation of  wild  animals  was  more  immediately  felt  by 
the  early  settlers  than  the  reduction  of  forest  areas. 
As  virtually  all  of  the  country  east  of  the  Mississippi 
River  was  forest-covered,  the  pioneers  had  to  clear  land 
for  farms.  While  the  English  Government  considered 
that  the  forests  of  the  Colonies  were  worth  considerable 
attention  and,  in  1698,  appointed  a  "Surveyor  General 
of  the  Woods,"  whose  ofRcial  duty  presumably  was  to 
prevent  forest  destruction,  and  while  William  Penn 
ordered  that  1  acre  out  of  ever}^  5  should  be  left  in 
woods,  the  colonists  generally  regarded  the  woods  as  a 
hindrance  to  agricultural  development  and  the  total 
supply  inexhaustible  in  any  event.'' 

The  iin2:)ortance  of  wood  for  the  construction  of  ships 
was  recognized  earl}'  in  our  history,  as  is  indicated  by 


*  According  to  J.  P.  Kinney  (Forest  Legislation  in  America  Prior  to 
March  i,  17S9),  the  first  legislation  having  as  an  object  the  conserva- 
tion of  the  supply  of  timber  appears  to  have  been  an  order  of  the 
Plymouth  Court,  March  29,  1626,  forbidding  the  transportation  of  any 
timber  from  the  colony  without  the  approval  of  the  governor  and 
council.  The  preamble  of  this  order  recites  the  inconveniences  likely 
to  arise  from  lack  of  timber.  The  inadenuate  transportation  facilities 
of  that  period  made  a  local  supply  of  timber  imperative  for  local  needs. 
The  same  author  cites  legislation  to  prevent  forest  waste  through 
indiscreet  firing  of  woods  as  early  as  163.3. 

That  the  colonists  had  their  own  ideas  about  exploiting  the  forests 
and  resented  the  Government  policy  of  setting  up  reserves  is  indicated 
by  their  disregard  for  Government  orders  which  culminated  in  an  act 
passed  in  1708  imposing  a  penalty  of  100  pounds  for  every  white  pine 
or  mast  tree  24  inches  or  more  in  diameter,  not  private  property,  cut 
or  destroyed  without  royal  license. 
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tlie  fact  tliiit  Congress,  in  1799,  appropriated  $200,000 
for  tlie  purchase  of  a  forest  reserve  containing  ship 
timber  and  directed  officials,  in  1827,  to  grow  live  oaks 
for  ships.  However,  as  far  as  the  Government's  re- 
straining the  denudation  or  atlopting  a  land  policy  to 
guide  the  utilization  of  the  forest  land,'  nothing  ap- 
parently was  done  until  the  closing  years  of  the  nine- 
teenth century,  when  the  problem  was  effectively 
brought  to  the  attention  of  the  Congress  by  scientists. 
Consciousness  of  the  importance  of  forests  appeared 
with  the  rapid  industrial  development  of  the  country 
incident  to  the  multitudinous  use  of  iron  and  steel  and 
the  release  of  energy  through  coal-steam  equipment. 

Until  the  middle  of  the  nineteenth  centurj',  the  chief 
source  of  fuel  was  the  forest;  coal  was  of  minor  im- 
portance. Up  to  1845  the  grand  total  of  coal  extracted 
in  the  United  States  is  estimated  at  27,700,000  tons,  in 
1850  the  production  was  7,000,000  tons,  but  in  1875  it 
had  risen  to  52,000,000  tons,  and  by  1900  to  270,000,000 
tons."  The  use  of  coal  and  iron,  which  were  in  abun- 
dance, made  it  possible  to  reduce  the  forests  rapidly  for 
farm  occupancy  and  to  haul  agricultural  products  great 
distances  to  markets.  As  the  foi-ests  were  felled,  farms 
and  villages  grew  from  them — tliis  almost  literally,  as 
wood  was  generally  employed  for  all  types  of  con- 
struction, railway  ties,  bridges,  liouses,  barns,  stores, 
elevators,  factories,  fences,  telephone  and  telegi-aph 
poles,  boats,  barges,  agricultural  machinery,  wagons, 
freight  cars,  and  so  on.  Along  with  the  useful  employ- 
ment of  wood  went  large  wastes  and  losses,  such  as  for- 
est fires,  abandoned  small  timber  and  slashings,  the 
opening  of  steeji  slo])es  to  erosion,  and  the  creation  of 
waste  products  in  milling. 

American  scientists  traveling  and  studying  in  Europe 
were  imbued  with  ideas  of  better  forest  management 
and  became  militant ly  indignant  over  the  wasteful 
methods  they  knew  in  this  country.  These  men  recog- 
nized that  the  reckless  exploitation  of  ovn-  forests  would 
lead  to  shortage  and  want.  Scientific  forestry,  inci- 
dentally, had  developed  most  extensively  in  a  country 
that  had  to  husband  its  resources,  a  country  which  was 
not  then  going  through  the  colonizing  process,  and 
which,  in  consequence,  developed  economic  principles 
at  variance  with  the  laissez-faire  policy  which  our 
countr\-  had  inherited  from  its  colonizing  English  fore- 
beai-s.  As  early  as  1841  the  realism  of  the  training 
for  government  service  in  (lermany  is  reflected  in  the 
l)ublications  of  the  economist.  Ercderich  List,  who 
stated  that  the  ability  to  (l('velo[)  productive  power  in 


'For  the  history  of  the  public  lands  dinvii  to  ISSO  seo  The  Public 
Dnmain — Its  IlMory  uith  Sliilif:lic.t,  Public  Land  Commission,  Wash- 
inKton.  D.  C,  1880. 

*  Prior  to  1864  coal  lands  were  not  si>eoifically  noted  for  reservation 
or  sale,  but  were  disposed  ot  as  other  lands  under  allotment.  Ibid., 
p.  292. 


the  future  was  more  importaiU  than  present  productive 
capacity. 

During  approximately  the  same  period  that  Ameri- 
can scientists  Mere  being  influenced  by  European  real- 
ism, American  economists  were  gradually  changing 
from  abstract  and  deductive  economics  to  the  consider- 
ation of  more  immediate  and  concrete  problems.  The 
idea  was  taking  hold  that  among  the  proper  functions 
of  government  was  that  of  guarding  certain  permanent 
interests  of  the  Nation. 

The  original  movement  which  resulted  in  the  present 
national  forest  policy  appears  to  trace  back  to  a  paper 
read  by  Franklin  15.  Hough  before  the  American  Asso- 
ciation for  tlie  Advancement  of  Science,  in  1873,  in 
which  some  of  the  evil  effects  of  tleforestation  and  some 
coii-ective  measures  were  pointed  out,  and  which  con- 
cluded with  a  significant  recommendation — 

I  would  venture  to  suggest  that  tliis  A.ssociiition  might  prop- 
erly take  measures  for  l)ringing  to  tlio  notice  of  our  several 
State  governments  and  Congress  with  respect  to  the  Terri- 
tories, the  suhject  of  protection  to  forests,  iind  their  cultivation, 
regulation,  .and  eneonragement ;  and  that  it  appoint  a  special 
committee  to  memorialize  these  several  legi.slative  bodies  upon 
this  suhject,  and  to  urge  its  importance. 

The  memoi'ial  .suggested  was  sent  to  Congi-ess  in 
1874.  In  187G  the  first  real  forest  work  of  the  Federal 
Government  got  under  way  with  the  appointment  of  a 
special  agent  by  the  Department  of  Agriculture  to 
study  general  forest  conditions  in  the  United  States. 
In  1881  a  Division  of  Forestry  in  the  Department  of 
Agriculture  was  created,  but  for  a  long  time  its  appro- 
priation was  too  small  for  effective  work  beyond  the 
giving  of  information  and  advice. 

In  1891  Congress  authorized  the  President  to  set 
aside  forest  reserves  in  order  to  protect  the  remaining 
timber  on  the  public  domain,  but  the  necessary  system 
of  oi-ganization  and  management  was  not  provided 
until  1897,  when  the  reserves  were  placed  under  the 
administration  of  the  Secretary  of  the  Interior.  Sys- 
tematic surveys  were  made  of  many  of  the  northwest- 
ern forests  of  the  United  States  by  the  Geological 
Survey.  Timber  was  classified,  the  quantities  of  the 
various  types  estimated,  and  maps  and  reports  pre- 
pared and  published.  Thus,  a  systematic  factual  sur- 
vey of  the  western  forests  was  begun. 

The  small  begimiing  made  in  the  Department  of 
Agriculture  in  1881  was  the  nucleus  of  the  Bureau  of 
Forestry  which  came  into  existence  in  1891  and  ex- 
l)anded  into  the  Forest  Service  in  1905,  when  the  Fed- 
eral forest  reserves  were  placed  under  its  management.'' 
Congressional  action  in  1891  was  doubtless  due  to  the 
recommendation  in  1890  bv  the  American  Association 


'Since  1905   the  area  of  the  national  forest  system  has  more  than 
doubled. 
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for  the  Advancement  of  Science  tliut  a  commission  of 
competent  men  be  employed  to  investigate  the  neces- 
sity of  preserving  certain  parts  of  the  public  domain 
as  requisite  for  the  maintenance  of  favorable  water 
conditions.*  The  expansion  in  1905  of  the  activity  of 
the  Federal  Government  in  forestry  should  be  consid- 
ered in  the  light  of  other  conservation  activities  in  the 
administration  of  Theodore  Roosevelt,  around  whom 
raged  a  political  storm  of  conservation  and  anti- 
conservation  controversy. 

A  discussion  of  greater  length  than  is  jjossible  here 
should  trace  the  changes  in  land  laws  applicable  to  the 
public  domain  and  the  cooperation  of  the  Federal  Gov- 
ernment in  relation  to  private  and  State  forest  lands. 
As  the  land  laws,  however,  were,  in  general,  the  result 
of  thought  concerning  the  public  domain  rather  than 
the  cause  of  the  thought,  no  attempt  will  be  made  here 
to  deal  with  them  as  a  unit. 

The  Homestead  Law  of  1862  is  the  clue  to  the  char- 
acter of  the  last  phase  of  the  occupation  of  the  public 
domain  by  farmers.  This  law  was  based  upon  the  idea 
that  the  frontiersman  who  made  a  farm  performed  a 
public  service  and,  consequently,  that  the  Government 
M-as  justified  in  giving  lands  to  citizens  willing  to  cul- 
tivate them.  That  the  intent  of  the  law  was  better 
than  tlie  practice  is  indicated  by  the  fact  that  entry- 
men  often  had  no  intention  of  settling  on  the  land  but 
made  the  minimum  cash  payment  and  sold  imme- 
diately to  exploiters.  Before  the  close  of  the  century, 
farmers  had  difficulty  in  finding  suitable  farms.  A 
very  high  percentage  of  the  better  land  of  the  humid 
region  had  been  taken  up,  and  the  easily  irrigated  sec- 
tions of  the  semiarid  and  arid  regions  had  been  devel- 
oped, but  there  was  still  much  promise  in  these  drier 
areas  if  the  aridity  could  be  overcome. 

Tile  reclamation  act  of  1902,  under  the  authority  of 
wliicli  tlie  Government  started  the  construction  of  irri- 
gation projects,  appears  to  have  grown  from  a  germ  in 
the  mind  of  a  dreamer  who,  as  an  explorer  soon  after 
the  close  of  the  Civil  War,  surveyed  in  the  area  west 
of  the  100th  meridian.  Major  Powell,  who  had, 
largely  at  his  own  expense,  traveled  in  Colorado  in  the 
late  1860's,  secured  Federal  financial  aid  in  1870,  1871, 
and  1872  to  explore  the  Green  and  Colorado  rivers. 
When  he  completed  his  field  work  on  the  Colorado 
River,  he  succeeded  in  getting  further  appropriations 
for  5  years  for  a  geographical  and  geological  survey 
of  the  Rocky  Mountain  region.  This  experience  in 
the  West  was  not  all  mapping.  Just  how  his  dream 
began  is  unknown,  but  he  came  from  that  area  with 


what  one  may  now  call  a  "broad  vision"  of  the  rec- 
lamation of  the  "Great  American  Desert."  In  1878  he 
published  a  report  on  the  "Lands  of  the  Arid  Region 
of  the  United  States."  In  the  letter  of  transmittal  he 
said : 

After  setting  forth  the  general  facts  relating  to  the  condi- 
tions under  which  these  lands  must  he  utilized,  I  have  taken 
the  lihert.v  to  suggest  a  .system  for  their  disposal  which  I  he- 
lieve  would  be  adapted  to  the  wants  of  the  country. 

In  the  i:)reface  he  put  his  finger  on  the  problem, 
stating — 

To  a  great  extent,  the  redemption  of  all  these  lands  will  re- 
quire extensive  and  comprehensive  plans,  for  the  execution  of 
which  aggregate  capital  a  corporation  will  l)e  necessary.  Here, 
individual  farmers,  lieing  poor  men,  cannot  undertake  the  task. 
For  its  acccjuiplishment  a  wise  provision,  embodying  carefully 
considered  legislation  is  necessary  *  *  *  to  the  .\rid  Region 
of  the  west  thou.sands  of  perilous  are  annually  repairing,  and 
the  questions  relating  to  the  utilization  of  these  lands  are  of 
present  importance. 

It  is  not  necessary  to  go  into  the  detail  of  three  other 
exploratory  surveys  of  the  west,  the  AVheeler  survey, 
the  King  survey,"  and  the  Hayden  survey,  all  of  which 
took  place  approximately  simultaneously  with  that  of 
Powell.  Conflict  of  interest  led  to  a  controversy  in 
Congress  and  to  the  solution,  the  establishment  of  the 
United  States  Geological  Survey  in  1879.  King,  the 
first  Director  of  the  Geological  Survey,  had  juiblished 
maps  of  country  along  the  40th  parallel  that  jilaced  the 
lands  of  northern  Nevada  in  natural  categories — min- 
eral lands,  irrigable  lands,  forest  lands — and  had  rec- 
ommended that  these  use  characteristics  be  made  the 
basis  of  their  disposal.  As  the  second  Director  of  the 
Geological  Survey,  Powell  was  interested  not  only  in 
topographic  mapping  and  land  classification  but  also 
in  the  reclamation  of  arid  lands.  In  1888  he  succeeded 
in  getting  action  in  Congress  authorizing  an  irriga- 
tion survey  which  did  the  first  Federal  work  on  the 
measurement  of  stream  flow  and  on  the  mapping  of 
lands  best  suited  to  irrigation,  indicating  possible  res- 
ervoir and  canal  sites.  It  is  not  possible  to  consider  in 
detail  the  many  vicissitudes  encountered  at  that  time. 
The  work  started  by  Powell  "  was  continued  by  New- 
ell, who  developed  the  water  resources  work  of  the 
Geological  Survev.    Since  1894  there  has  been  continu- 


^  The  purchase  of  .idrtitional  lands  valuable  for  the  protection  of  the 
headwaters  of  navigable  streams  or  for  timber  production,  and  their 
rcor;:anization  as  national  forests  were  authorized  by  the  act  of  March 
1,  1911  (Weeks  law),  amended  by  the  act  of  June  7.  1924  fClarke- 
McNary  law). 


*  The  King  survey  advanced  sound  ideas  aboxit  the  classification  of 
the  public  lands  and  their  disposition  in  accord  with  their  character 
that  were  far  in  advance  of  the  time. 

'"The  survey,  under  his  direction,  brought  about  in  the  middle  ISSO's 
the  reservation  of  valuable  reservoir  and  dam  sites  in  the  Western 
States  which  it  w-as  foreseen  would  be  requisite  for  conservation  of 
water  and  irrigation.  Although  Congress  defeated  this  far-.sighted 
movement  and  restored  the  lands  to  acquisition,  only  to  have  to  sup- 
ply public  funds  a  generation  or  two  later  to  buy  them  back,  the 
public  debates  attending  these  activities  did  much  to  educate  the  public 
mind  about  the  vital  part  that  water  played  in  the  western  economy, 
and  thus  helped  lay  the  foundations  for  the  later  Reclamation  Act 
and  the  water  conservation  movement. 
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Tlie  first  stream  gaguig  work  dcine  under  tlie  autlior- 
ization  of  the  Irrigation  Survey  was  discontinued  by 
t'ongri'ss  in  ISIH).  as  a  result  of  tlie  oiiposition  in  the 
AVest  to  the  witiidrawal  of  irrigable  land.  At  this 
time,  those  westerners  interested  in  irrigation  believed 
that  the  Federal  Government  should  turn  over  land 
of  the  ])ublic-  domain  suitable  for  irrigation  to  the 
States  and  Territories.  Witiiin  .'5  years,  there  had  been 
some  change  of  heai-t.  for  the  Inteinational  Irrigation 
Congress  of  Itsi)."^  suggested  that  a  National  C'onunis- 
sion  be  created  to  study  the  course  to  be  followed. 
There  must  have  been  no  general  appreciation  of  the 
fact  that  the  areas  which  could  be  irrigated  were  but  a 
small  pan  of  the  total  arid  region,  for  Powell  was 
hissed  when  he  stated  tiiat  the  water  supply  was  suf- 
ficient for  only  a  small  jjart  of  the  available  land, 
although  he  was  wholly  right  and  his  critics  wholly 
\\rong. 

Congress,  in  1894,  granted  to  each  State  in  the  arid 
region  public  land  not  to  exceed  one  million  acres  to 
be  irrigated  by  any  means  the  State  might  choose:  but 
these  grants  generally  were  of  no  value,  as  tlie  large 
systems  required  were  beyond  the  financial  ability  of 
the  States.  That  there  was  no  faith  that  the  outcome 
of  such  grants  woidd  be  satisfactory  is  indicated  by 
the  resolution  of  the  Irrigation  Congress  of  1894  ad- 
vocating a  national  irrigation  commission.  The  atti- 
tude of  the  westerners  appears  to  have  shifted  rajjidly 
following  this  pivotal  period  as  a  result  of  a  series  of 
drought  years  and  the  drying  up  of  private  funds  fol- 
lowing the  panic  of  1893.  Irrigation  was  wanted,  and 
since  it  was  A-irtually  impossible  to  get  eastern  capital 
interested,  the  api)eal  was  made  for  Federal  funds.  By 
1899  it  became  ap])arent  to  the  leaders  in  the  irrigation 
movement  that  a  more  permanent  form  of  |)ublicity 
was  needed,  and  acconlingly  they  formed  the  National 
Irrigation  Association  to  promote  support  for  Fed- 
eral financing  of  irrigation.  A  Federal  aid-for-irriga- 
tion  plank  was  included  in  the  platforms  of  the  three 
leading  political  ])arties  in  the  campaign  of  1900. 

At  the  \ati(nial  Irrigation  Congress  of  1900,  two 
points  of  view  were  expre.ssed,  the  first  opposed  put- 
ting the  Federal  Government  into  the  irrigation  busi- 
ness, the  other  held  that  the  Federal  Go\t'rnment  as 
the  proprietor  of  large  areas  of  public  lands  was  jus- 
tified in  preparing  such  lands  for  use  and  settlement. 
That  the  second  point  of  view  was  more  acceptable  to 
those  in  the  Government  interested  in  irrigation  is 
indicated  in  the  Annual  Report  of  the  Secretary  of 
the  Interior  for  1901,  clearly  inspired  by  Newell,  which 
stated : 

The  whole  trend  of  enlightened  jjublic  sentiment  is  in  favor 
of  an  expansion  of  industries  and  commerce  internally  through 
wise  action  by  the  national  government  rather  than  attempt- 
ing to  get  rid  of  the  duties  and  opiiortunities  of  ownership  hy 


giving  away  this  valuable  property.  •  »  •  Where  there  are 
unappropriated  waters  flowing  to  waste  which  can  be  brought 
within  reach  of  public  land,  it  is  possible  to  make  provisions 
such  that  the  government  can  be  reimbursed  for  its  expendi- 
ture. The  lands  to  be  benefited  liy  such  works  should  be  re- 
served for  homestead  entry  only  in  small  tracts,  each  being 
subject  to  the  payment.  l)efore  the  title  is  finally  passed,  of  a 
sum  ei|uivalent  to  the  cost  of  storing  or  conserving  the 
water.    »     •     * 

The  western  Congressmen,  by  acting  as  a  bloc  under 
the  leadership  of  Newlands  of  Nevada,  imshed  the 
reclainalion  liiil  through  Congress,  whereupon  the  use 
of  water  resources  and  the  reclamation  of  arid  lands 
became  a  national  j)olicy.  Thus,  the  '20-year  campaign 
of  the  Geological  Survey  and  its  leaders  finally  edu- 
cated the  ])ublic  and  the  Ccmgi-ess  to  the  point  where 
the  Keclaniation  Service  was  created  in  VM)->  out  of 
the  Ilydrographic  Branch  of  the  Survey.  It  was  ad- 
ministered by  the  Suivey  until  190."),  when  ui)on  the 
recommendation  of  the  Director  it  was  established  as 
a  separate  bureau.  Conservation  of  western  j^nblic 
laiul  and  waters  was  thus  at  last  efTeriively  lannched 
as  a  Federal  enter])rise. 

Before  dropping  this  ])liase  of  the  subject,  attention 
slionld  be  drawn  to  several  inqiortant  changes  in  eco- 
nomic life  that  helped  concentrate  attention  on  recla- 
mation. There  was  a  great  industrial  growth  in  the 
countr}^  following  1880  and,  with  it.  a  demand  for 
power  and  water.  Steam  power  plants  demanded 
large  quantities  of  condensing  water,  industries  re- 
quired water  for  jirocessing.  tn-ban  ]>o])ulations  de- 
manded an  abundance  of  ])ure  water  for  home  uses, 
and  electric  tran.smission  had  made  Avater  power  avail- 
able at  a  distance  from  the  dam  site. 

Following  the  reclamation  act,  Theodore  Roosevelt's 
interest  in  conservation  was  played  on  from  many  di- 
rections, and  it  is  not  clear  which  of  the  forces  was 
the  most  significant  in  bringing  about  his  appoint- 
ment of  the  Inland  AYaterways  Commission  in  1907. 
Agriculturists  were  interested  not  only  in  irrigation 
of  arid  lands  and  the  drainage  of  marshes  but  also  in 
the  prevention  of  soil  losses  through  erosion.  Forest- 
minded  ))ersons  emphasized  the  importance  of  forest 
reserves  in  the  maintenance  of  slow  rim-off,  in  the 
reduction  of  erosion  and  flood  prevention  through 
watershed  protection,  and  in  the  maintenance  of  stream 
flow  for  navigation  and  water  power.  Sportsmen  and 
biologists  emphasized  the  value  of  forests  as  sanc- 
tuaries for  wildlife.  Chicago  was  completing  a  "sani- 
tary ditch''  to  divert  tlie  jiollution  from  Lake  Michi- 
gan, their  water  supply,  into  the  Illinois  River.  St. 
Louis  was  building  a  modern  filtration  plant  to  take 
the  dirt  from  Mississippi  River  water.  New  York  was 
turning  toward  the  Catskills  for  a  larger  water  supply. 
The  Panama  Canal  was  under  construction.  A  dam 
at  Keokuk  was  to  change  the  character  of  the  Missis- 
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sipjii  Kiver.  Cities  in  the  Ohio  Valley  were  urging 
Ohio  River  improvement  for  better  transportation  and 
flood  control.  Kansas  City  with  a  real  objective  of 
flood  control  was  ui'ging  Missouri  River  improvement 
for  navigation.  Levees  along  the  lower  Mississippi 
River  had  been  strengthened.  There  was  also  a  great 
deal  of  talk  concerning  the  revival  of  the  steamboat 
trade,  which  carried  the  suggestion  that  it  might  of- 
fer effective  competition  to  the  railways  which  were 
decidedly  under  fire  for  many  of  their  abuses. 

Consequently,  it  was  not  peculiar  that  Roosevelt  in 
his  si:)eech  at  Mempliis,  October  4,  1907,  during  his 
cruise  down  the  Mississijipi,  should  have  said — 

Citizens  of  all  portions  of  the  country  are  coming  to  realize 
that,  however  important  the  improvement  of  navigation  may 
be,  it  is  only  one  of  the  many  ends  to  be  kept  in  view.  The 
demand  for  navigation  is  hardly  more  pressing  than  the  de- 
mauds  for  reclaiming  lands  by  irrigation  in  the  arid  regions, 
and  by  drainage  in  the  humid  lowlands,  or  for  utilizing  the 
waterpower  now  running  to  waste  or  for  purifying  the  water 
so  as  to  reduce  or  remove  the  tax  of  soil  waste,  to  promote 
manufacture  and  safeguard  life. 

He  had  asked  the  waterway  committee  to  take  account 
of  the  orderlj-  development  and  conservation,  not  alone 
of  waters,  but  also  of  the  soil,  the  forests,  the  mines, 
and  all  otlier  natural  resources. 

The  committee  suggested  that,  as  the  question  of 
conservation  concerned  not  only  the  nation  but  every 
state,  a  conference  of  governors  should  be  called.  This 
was  done,  and  the  meeting  convened  in  AVashington  in 
May  1908.  This  meeting  resulted  in  a  declaration  of 
principle  which  included,  among  other  things,  asser- 
tions that  the  conservation  of  natural  I'esources  is  a 
subject  of  transcendent  importance;  that  erosion  and 
soil  wash  should  cease;  that  there  shoidd  be  reclama- 
tion by  irrigation  and  drainage;  that  water  should 
be  conserved  to  promote  navigation,  irrigation,  and 
water  power;  that  forests  should  be  preserved  and 
perpetuated;  that  Congress  should  adopt  a  wise,  ac- 
tive, and  thorough  waterway  policy;  and  that  there 
should  be  enactment  of  laws  for  the  prevention  of 
waste  in  the  mining  and  extraction  of  coal,  oil,  and 
gas  and  for  the  protection  of  human  life  in  mines. 

The  conference  of  governors  was  followed  by  the 
President's  ai^pointment  of  the  National  Conservation 
Commission,  which,  at  its  fir.st  meeting  in  June  1908, 
decided  that  an  inventory  of  our  natural  resoui'ces  was 
necessary  and  asked  the  Federal  scientific  bureaus  to 
do  the  work.  The  reports  were  made  in  December  1908 
to  the  Commission  and  the  governors,  who  transmitted 
a  report  to  the  President,  who,  in  turn,  transmitted 
it  in  a  message  to  Congress  in  January  1909,  with  a 
recommendation  for  a  $50,000  approin-iation  to  con- 
tinue the  work  of  the  committee. 


The  report  in  three  volumes  totalling  over  1,800  pages 
was  developed  around  four  broad  topics;  water,  for- 
ests, lands,  and  minerals.  The  relationship  of  the  first 
three  of  these  had  been  close  for  a  number  of  years, 
as  has  been  heretofore  suggested;  the  introduction  of 
minerals  brought  in  a  comparatively  new  subject. 
The  President's  recommendation  on  water  urged  the 
development  of  inland  waterway  improvement 

extending  to  all  the  uses  of  the  waters  and  benefits  to  be 
derived  from  their  control,  including  navigation,  the  develop- 
ment of  iiower,  the  extension  of  irrigation,  the  drainage  of 
swamp  and  o\-erflow  lauds,  the  prevention  of  soil  wash,  and  the 
liurification  of  streams  for  water  supply. 

Under  the  heading  "Forests"  he  urged 

both  protection  and  more  rapid  development  of  the  national 
forests 

and  "commended"  to  Congress  the  facts  as  to  the 

relation  between  forests  and  stream  flow  in  bearing  upon  the 
importance  of  the  forest  lands  in  national  ownership. 

RelatiA'e  to  "lands,"  he  praised  the  Department  of 
Agriculture  for  its  work  on  crop  betterment  and  the 
enemies  of  plant  life  and  recommended  continued  lib- 
eral sujiport. 

The  remaining  public  lands  should  be  classified  and  the 
arable  lands  disposed  of  to  home  makers.  In  their  interest 
the  timber  and  stone  act  and  commutation  clause  should  be 
repealed  and  the  desert-land  law  modified     *     *     *. 

He  recommended  that  the  use  of  public  grazing  land  be 
regulated  to  improve  and  conserve  their  value,  that 
surface  rights  on  public  lands  be  separated  from  for- 
ests and  mineral  rights. 

The  coal,  oil.  gas,  and  phosphate  rights  still  remaining  with 
the  government  should  be  withdrawn  from  entry  and  leased 
under  conditions  favorable  for  economic  development. 

Under  "Minerals"  he  stated. 

It  is  of  the  utmost  importance  that  a  bureau  of  mines  be 
established  in  accordance  with  the  pending  bill  to  reduce  the 
loss  of  life  in  mines  and  the  waste  of  mineral  resources  and 
to  investigate  the  methods,  and  substitiites  for  prolonging  the 
duration  of  our  mineral  supply. 

These  were  the  spectacular  general  movements 
designed  to  educate  the  public  in  the  value  of  conserva- 
tion. They  represented  the  emergence  as  a  national 
issue  of  ideas  long  advocated  by  the  small  groups  of 
scientists,  generally  in  the  Government  services,  who 
deplored  the  wastes  in  and  the  inejit  laws  that  con- 
trolled the  disposition  of  the  Nation's  mineral,  forest, 
and  water  resources. 

The  Reclamation  Act  had  been  passed,  the  Forest 
Service  had  been  created,  and  thus  practical  progress 
had  been  made  in  conservational  directions  before  the 
National  Conservation  Commission  met. 

Activities  thus  far  had  been  directed  chiefly  to  the 
saner  management  by  the  Government  of  the  more 
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obvious  visible  resources,  water  and  timber,  somewhat 
to  the  neglect  of  the  mineral  resources.  Meanwhile, 
the  Geological  Survey,  which  had  participated  actively 
in  the  movements  for  conservation  of  forests  and 
water,  liad  begun  to  call  attention  to  the  situation  in 
regard  to  minerals.  Before  1908,  on  its  recommendii- 
tion,  oil  and  coal  lands  had  been  withdrawn  from 
entry,  for  the  purpose  of  classifying  them  in  accord- 
ance witli  their  values  and  for  the  further  purpose  of 
stimulating  tiie  enactment  of  wiser  laws  for  tlieir  dis- 
position. 

As  this  discussion  is  intended  i)rinuuily  t"  trace  the 
beginnings  and  evolution  of  thought  on  conservation 
by  the  Federal  (lovernment  and  is  only  incideiUally  a 
record  of  accomplishments,  only  a  few  consequences 
of  the  1909  activities  will  ])e  mentioned.  Tlie  National 
Conservation  Commission  attracted  wide  attention  to 
the  problem,  but  the  idea  of  conservation  was  not  ac- 
ceptable to  all  of  the  interests  that  had  a  finger  in  the 
pie.  Congress  was  suspicious,  probably  because  a 
high  percentage  of  its  Members  were  not  "posted"  on 
the  subject,  and  feared  that  new  policies  in  conserva- 
tion might  upset  political  and  business  interests  of 
long  standing.  There  were  also  Members  of  Congress 
who  were  not  in  sympathy  with  Roosevelt's  "big  stick'' 
policy  or  were  for  other  reasons  unfriendly.  As  a  re- 
sult. Congress  killed  the  possibilities  of  continuing  the 
work  of  the  Conservation  Connnission  by  refusing 
the  recommended  apjiropriation  and  by  prohibiting 
the  Federal  bureaus  from  providing  information  to 
anj-  commission  ajipointed  by  the  President,  '\^^lile 
the  President  had  no  legal  authority  to  establish 
methods  for  the  disposition  of  timber  or  mineral  lands 
or  water  rights,  he  was  able  to  withdraw  public  land 
from  entry  and  to  continue  with  sui'veys.  From  this 
ferment  there  developed,  wiiliin  a  few  years,  the  so- 
called  Separation  Acts  which  recognized  that  fanning 
and  grazing  activities  were  not  hampered  by  the  lack 
of  title  to  minerals.  The  purchase  of  additional  lands 
valuable  for  the  protection  of  heailwaters  of  navigable 
streams  was  authorized  by  Congress  in  1911.  The  fol- 
lowing year  an  act  directed  that  national  forest  lands 
be  classified  to  determine  those  chiefly  valuable  for 
agriculture,  which  resulted  in  practically  all  agricul- 
tural lands  within  the  national  forests  becoming  home- 
steads. It  was  not  luuil  the  passage  of  the  Clarke- 
McXary  Act  of  1924  that  the  establishment  of  na- 
tional forests  by  purchase  for  timber  production  was 
authorized. 

Since  the  cour.se  of  this  sunnnary  is  particularly 
directed  toward  the  development  of  the  conservation 
idea  with  respect  to  coal,  oil,  and  gas,  interesting  and 
significant  though  develojiments  in  the  conservation 
of  water,  forests,  and  agricultural  lands  have  been, 


it  is,  nevertheless,  impractical  to  follow  them  further. 

There  are  parallels  between  many  of  the  problems 
of  forest,  water,  and  soil  conservation  and  those  of 
mineral  conservation.  Since,  however,  the  percentages 
of  oil,  gas,  and  coal  resources  in  the  public  domain  are 
comparatively  small,  mineral  conservation  problems 
fall  much  more  in  the  field  of  regulation  than  in  that 
of  management  of  something  to  which  the  Federal 
Governuu'ut  has  title.  This  has  made  it  diilicult  to 
advance  independently  and  free  from  conflict  with 
state  rights  and  with  the  peculiarities  of  the  legal 
interpretation  of  what  constitutes  projierty,  developed 
l)rior  to  any  general  recognition  of  the  national  in- 
terest in  mineral  resources. 

Although  a  general  coal  land  act,  passed  in  1S73, 
provided  for  the  sale  of  Federal  coal  lands  at  not  less 
than  $10  an  acre  for  those  more  than  15  miles  from  a 
finished  railway,  ICO  acres  to  the  individual  and  not 
more  than  040  acres  to  an  association,  nevertheless,  a 
large  percentage  of  the  coal  land  of  the  public  domain 
had  passed  into'private  hands  with  agricultural  land 
before  tlie  end  of  the  last  century.  Tliis  transfer  of 
coal  land  with  agricultural  land  was  by  no  means  al- 
ways fraudulent,  for  the  designation  that  the  land  was 
not  coal  land  was  determined  by  the  fanner's  say-so, 
and  he  did  not,  as  a  rule,  have  any  way  of  knowing 
what  was  under  the  land.  This  situation  was  irksome 
to  the  Geological  Survey,  but  there  was  nothing  they 
could  do  about  it  until  a  request  came  from  the  Presi- 
dent and  the  Senate  in  1900  as  to  the  extent,  location, 
and  value  of  coal  on  public  lands.  The  Annual  Eeport 
of  the  Geological  Sui"vey  for  the  fiscal  year  ending  in 
1906  stated : 

It  has  been  doinoiistrated  that  many  millions  of  dollars  can 
be  .saved  to  the  (Jovernmont  by  a  geological  examination  of  its 
coal  lands  at  a  cost  of  les.s  than  1  percent  of  the  amount  saved. 

Therefore,  in  1906.  the  work  was  started  to  determine 
the  quantity,  (juality,  and  value  of  coal  lands  remain- 
ing in  the  possession  of  the  Govermnent.  It  was  be- 
lieved that  obtaining  coal  prices  for  coal  lands  would 
discourage  jjurchase  by  speculators  so  that  the  lands 
would  not  be  sold  until  needed,  and  in  that  way,  the 
possibility  of  monopoly  would  be  reduced  without  pro- 
moting over[)roduction  and  wasteful  competition.  In 
1909  a  regulation  Avas  approved  basing  the  selling  price 
of  coal  lands  on  the  tonnage  and  quality  of  the  coal." 
The  coal  work  of  the  Survey  led  to  the  consideration 
of  other  problems  of  coal  mining.  That  of  safety 
was  preci])itated  by  an  appalling  series  of  mine  dis- 
asters which  resulted  in  the  death  of  1,148  men,  in 
1907,  chiefly  from  explosions  of  coal  dust.  Up  U^  1897 
miners  hail  lieen  paid  on  the  amoinit  of  lump  coal  pro- 


"  Some  of  the  best   coal  l.ind.s  were  olassifled  at  J.'iOO  to  $-}00  iier 
acre. 
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duced.  but  with  a  change  in  the  basis  of  payment  to 
run-of-mine,  there  was  a  premium  on  shooting  down 
coal  in  the  cheapest  and  easiest  manner.  This  resulted 
in  shooting  off  the  solid  and  an  immediate  increase  in 
the  number  of  explosions  and  fatalities.  The  safety 
woik  started  in  the  Geological  Survey  and  transferred 
to  the  Bureau  of  Mines  with  its  establishment  in  1910 
has  continued  and  has  resulted  in  human  conservation 
of  inestimable  value.  Although  the  Bureau  recognized 
the  desirability  of  mining  laws  designed  to  secure 
safety  and  efficiency  and  made  a  study  of  such  possi- 
bilities over  a  long  j^eriod,  nevertheless,  its  work  has 
been  almost  entirely  fact-finding  and  educational  (not 
only  what  to  do  but  how  to  do  it),  in  cooperation  with 
the  States  and  the  industry. 

The  revision  of  the  organic  law  of  the  Bureau  of 
Mines  in  1913,  among  f)ther  things,  authorized  the 
Bureau  to — 

conduct  inquiries  and  scientific  and  tecliiiologic  investigations 
concerning  mining,  and  tlie  preparation,  treatment,  and  uti- 
lization of  mineral  substances  with  a  view  to  imiiroving  health 
conditions  and  increasing  safet.v,  eflSciency,  economic  develop- 
ment, and  conserving  resources  through  the  prevention  of 
waste.     *     *■     * 

This  authorization  must  have  been  envisaged  by  Dr. 
Holmes,  the  first  Director  of  the  Bureau  of  Mines, 
10  years  earlier  when  he  was  preparing  the  exhibition 
on  coal  testing  for  the  Geological  Survey  at  the  Louisi- 
ana Purcliase  Exposition  in  St.  Louis,  where,  for  the 
first  time,  anj'  considerable  number  of  the  public  re- 
ceived instructions  on  the  difference  in  coals  and  the 
problems  of  combustion.  It  is  not  especially  to  the 
point  here  to  go  into  a  discussion  of  the  coojieration  of 
the  Bureau  of  Mines  with  manufacturers  in  the  devel- 
opment of  so-called  permissive  mine  equipment  such  as 
lamj^s,  cars,  electric  motors,  electric  switches,  explo- 
sives, etc.,  nor  of  the  cooperation  with  the  States  in  an 
effort  to  secure  uniform  safety  codes.  It  must  be  recog- 
nized, however,  that  these  efforts  have  been  toward  con- 
servation, although  without  direct  application  to  the 
prevention  of  waste  of  coal  per  se. 

Aside  from  the  regulations  applicable  to  coal  min- 
ing on  public  lands,  which  will  be  commented  on  later, 
neither  the  Federal  Government  nor  any  State  has  laws 
requiring  the  elimination  or  reduction  of  waste  in  min- 
ing, yet  education  in  the  importance  of  such  procedure 
has  been  a  concern  of  the  Bureau  of  Mines  almost  from 
its  inception.  Coal  mining  is  now  concentrated  on  the 
rich  and  accessible  deposits,  and  these  are  being  rap- 
idly depleted.  The  significance  of  using  the  best  and 
most  convenient  coal  is  obscured  by  the  optimistic 
estimates  of  reserves.  While  the  coal  commission  in 
1923  rejiorted  that  progress  had  been  made  in  the 
bituminous  coal  industry  over  the  practice  of  earlier 


years  and  the  average  percentage  of  loss  declined  from 
something  like  04  percent  in  lS.-)0  to  something  like  35 
percent  in  1923.  it  is  doubtful  whether,  with  the  more 
adverse  economic  conditions  that  set  in  about  the  time 
of  the  report,  the  losses  on  an  average  have  remained 
at  the  lower  figure ;  some  mining  operations  are  better, 
and  others  are  worse. 

During  the  World  War  the  educational  work  of  the 
Government  directed  toward  economy  in  use.  plus  the 
inherent  characteristic  of  industry  to  reduce  costs, 
started  a  movement  in  fuel  technology  that  has  resulted 
in  a  marked  imjirovement  in  efficiency  in  use,  as  is 
indicated  by  the  fact  that  a  given  unit  of  electric  power 
is  now  i^roduced  by  public  utilities  with  less  than 
half  as  much  coal  as  was  required  in  1917.  Conserva- 
tion in  use  generally  results  in  lower  costs,  but  con- 
servation in  the  mining  operation  almost  certainly  re- 
sults in  higher  costs.  Even  the  smallest  increase  in 
costs  becomes  a  formidable  obstacle  to  conservation 
under  the  destructive  competition  characteristic  of  the 
bituminous-coal  industry.  As  stated  by  Rice,  Field- 
ner  &  Tryon,  of  the  Bureau  of  Mines,  at  the  1936  Woi-ld 
Power  Conference : 

*  *  *  the  individual  operator,  acting  alone,  can  hardly  avoid 
the  use  of  wasteful  methods.  To  assume  additional  expense, 
tinless  it  is  also  horny  by  his  competitors,  would  soon  put  him 
out  of  business.  At  best,  his  own  direct  incentive  to  increase 
recovery  goes  no  further  than  the  point  that  would  yield  maxi- 
mum profit  in  the  long  run.  Under  the  cut-tlunat  competition 
of  the  last  decade,  he  has  been  forced  to  neglect  even  liis  own 
long-run  interest  in  the  necessity  of  reducing  his  immediate  cash 
cost.  For  much  the  same  reasons,  it  is  impossible  for  the  indi- 
vidual State  to  act  alone.  In  the  division  of  labor  between  the 
State  and  the  Federal  Government,  the  States  have  the  con- 
stitutional powers  to  regulate  waste,  but  under  the  present 
conditions  no  single  State  can  well  take  action.  *  *  *  xhe 
first  indispensable  step  in  reducing  the  wastes  of  mining  is  to 
aid  tile  industry  to  establish  itself  on  a  stable  and  profitable 
basis. 

The  agitation  for  a  change  in  the  law  governing  the 
disposition  of  the  coal  on  the  public  domain  finally  led 
to  the  passage  of  the  first  leasing  act — the  Alaska  coal- 
leasing  act  of  1914.  The  regulations  under  that  act  set 
up  a  few  conditions  intended  to  reduce  the  waste  in 
mining.  The  agitation  for  the  disposition  of  mineral 
resources  by  lease  rather  than  by  sale  continued  and 
finally  resulted  in  the  general  leasing  act  of  1920.  which 
rej^laced  earlier  legislation  providing  for  the  sale  of 
certain  publicly  owned  nonmetalliferous  mineral  lands 
and  provides  for  their  development  under  lease.  These 
leases  are  subject  to  regulations  of  the  Department  of 
the  Interior  on  several  counts  including  the  "preven- 
tion of  undue  waste''  and  the  prohibition  against  pre- 
mature abandonment. 

Aside  from  coal  mining  on  the  public  domain,  con- 
servation in  that  industry  has  been  entirely  a  matter 


Energy  Renources  and  Xational  Policy 


385 


of  private  initiative  and  up  to  the  close  of  the  period 
covered  by  this  summary,  practically  no  laws,  except 
those  relating  to  safety,  had  been  ilirected  to  the  elimi- 
nation of  waste  or  losses.  The  oil  and  gas  indu>tries, 
probably  by  reason  of  the  physical  conditions  of  oc- 
currence and  production,  and  the  legal  concept  of 
property  (i.  e.,  reduction  to  ownership  by  cajjture  as 
against  ownership  in  place  as  in  the  case  of  coal)  have 
with  a  succession  of  economic  impacts  attempted  vari- 
ous solutions  directed  toward  stabilization  and  cun- 
servation. 

Today,  the  conservation  of  oil  and  gas  are  in  most 
areas  and  by  most  engiiu-ers  considered  as  inextrica- 
bly related,  but  this  point  of  view,  it  must  be  ad- 
mitted, is  comparatively  recent,  as  the  function  of 
gas  in  the  production  of  oil  was  appreciated  by 
only  a  limited  few  as  recently  as  1920.  Something 
better  than  55  percent  of  the  luitural  gas  produced  is 
incidental  to  the  production  of  oil,  and  most  of  the 
gas  wells  yield  some  natural -gasoline.  While  this  pro- 
duction relationship  is  significant,  the  physical  rela- 
tionship in  the  natural  reservoir  and  the  effect  of  gas 
upon  petroleum  production  is  a  key  fact  in  conser- 
vation. 

The  report  of  the  National  Conservation  Commission 
(1909)  divides  waste  of  natural  gas  into  three  classes: 
(1)  waste  incident  to  the  discovery  of  a  natural-gas 
field,  (2)  waste  in  oil  production,  (3)  waste  in  con- 
sumption. Nothing  is  said  about  the  effect  of  the  waste 
of  gas  upon  the  oil  remaining  in  the  reservoir.  The 
report  points  out  that  the  oil  well  driller  in  the  early 
days  of  the  industry  could  not  obtain  a  prompt  and 
profitable  market  for  natural  gas  and.  conseiiuently.  re- 
garded it  as  a  nuisance  and  menace.  The  gieater  the 
volume,  the  greater  the  menace. 

It  developed  a  hostility  toward  natural  ga.s  on  tlie  part  of 
tlie  oil  well  driller.  whi<-li  has  increased  ratl:cr  than  diminished 
up  to  tlie  present  time. 

After  commenting  that  only  half  of  the  gas  prfxluced 
goes  to  an,v  useful  purpose  the  report  states  that  the 
remedy  by  legislation — 

has  been  extreuiel.%"  effective  in  Indiana.  Ohio,  and  Pennsyl- 
vania. Only  a  part  of  the  credit  for  stopping  natural-gas 
waste  is  due  to  legislation,  much  credit  being  due  to  the  natural- 
gas  companies  themselves  for  taking  the  initiative  in  this 
reform.     »     •     * 

Indiana  was  the  leader  in  legislation  on  gas  con- 
servation. In  1893  it  passed  a  law  prohiliiting  the 
flow  of  gas  or  oil  from  a  gas  or  oil  well  into  the  open 
air.  This  act  was  a  direct  recognition  by  that  State  of 
the  necessity  of  gas  conservation,  as  is  clearly  reflected 
in  the  claim  of  the  plaintiff  in  Indiana  vs.  Ohio  Oil  Co. 
before  the  United  States  Supreme  Court.     After  de- 
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scribing  the  gas  producing  area,  the  claim  was  uuide 
that— 

the  fuel  supplied  hy  natural  gas  thus  obtained  is  the  cheapest 
and  best  known  to  civilizaliim.  and  the  value  of  the  natural 
gas  to  the  State  and  to  its  citizens  is  many  millions  of  dollars; 
that  since  the  discovery  of  said  gas  deposits  in  ISSO  immense 
sums  of  money  have  come  into  the  State  and  have  been  in- 
vested in  large  manufacturing  interests,  and  other  sums  of 
money  belonging  to  the  i)e<ii>le  of  the  State  of  Indiana  have 
been  invested  in  similar  enterprises  causing  a  great  increase 
in  population,  principally  in  the  territory  underlying  which  said 
gas  is  found.  Miiny  cities  in  and  adjacent  to  the  gas  terri- 
tory, including  those  named,  are  wholly  dependent  for  fuel 
upon  natural  gas,  and  fiu-  that  reason  the  people  of  the  State 
of  Indiana  are  interested  in  the  protection  of  the  natural-gas 
suppl.v. 

The   plaint  ill'  claimed  that — 

if  the  gas  supply  is  husbiinded  and  protected  it  will  last  for 
many  years  and  continue  to  furnisli  the  various  cities  named 
with  abuialant  fuel,  and  the  poimlation,  wealth,  and  other  ma- 
terial interests  of  the  State  will  continue  to  be  benefited  and 
enli.inced,  and  the  comfort,  happiness,  and  enjoyment  of  the 
lieople  of  the  State  greatly  increased. 

In  the  claims  made  there  was  recognition  of  the  effect 
of  waste  upon  the  common  supply,  and  the  court  in 
ruling  said  that  the  Indiana  law — 

is  a  statute  protecting  private  property  and  preventing  it  from 
being  taken  by  one  of  the  connnon  owners  without  regard  to 
the  enjoyment  of  the  others. 

One  of  the  most  illumiualing  claims  made,  some- 
what off  the  main  argument,  was  to  the  effect  that 
the  field 

is  greatly  damaged  by  the  destruction  of  "back  pressure"  which 
is  necessjiry  to  protect  the  gas  supply  from  the  invasion  of 
salt  water. 

Cin-iously.  although  the  gas  in  question  in  this  litiga- 
tion was  produced  from  oil  wells,  nothing  was  said 
about  the  effect  of  "back  pressure''  and  its  value  in  the 
production  of  oil.  The  separation  of  thought  on  oil 
and  gas  is,  however,  more  clearly  reflected  in  the  de- 
cision of  the  supreme  court  of  Indiana  (1898),  from 
which  court  the  United  States  case  had  been  referred. 
The  Indiana  court  said  siibstaiUially,  we  imported  oil 
into  Indiana  a  third  of  a  century  before  oil  was  dis- 
covered in  this  State  and  we  can  do  it  again, 

but  we  cannot  have  the  blessings  of  natural  gas  unless  measures 
for  the  preservation  thereof  in  this  State  are  enforced  against 
the  lawless. 

Except  for  the  adniinisi  ration  of  the  leasing  act  of 
1920,  the  gas  conservation  activities  of  the  Federal 
Govermnent  have  been  almost  entirely  confined  to  lead- 
ersliip  towarcl  better  practices.  The  Bureau  of  Mines 
during  the  first  2  or  3  years  was  concerned  primarily 
witii  coal.  I)ut  in  101-2  we  find  an  engineer  visiting  the 
California  oil  fields  with  the  object  of  investigating 
methods  of  preventing  the  waste  of  oil  and  natural  gas 
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from  flowing  wells  and  field  -work  being  done  in  Kansas 
and  Oklahoma  oil  and  gas  fields  (many  of  which  were 
on  Indian  lands)  to  ascertain  the  conditions  that  led 
to  the  enormous  gas  waste  in  those  States.  Investiga- 
tions were  made  of  a  cementing  process  as  practiced  in 
California  for  excluding  water  from  oil  wells.  In 
Oklahoma  it  was  demonstrated  how  oil  and  gas  waste 
in  drilling  could  be  prevented  bj'  the  use  of  '"mud- 
laden  water."  The  Bureau  of  IMines  launched  its  pro- 
gram of  waste  prevention  by  the  same  general  methods 
as  in  the  case  of  coal;  that  is,  fact-finding  and  educa- 
tion, industrial,  and  State  cooperation. 

Following  the  activities  of  several  States  in  the 
early  nineties  in  the  prevention  of  gas  waste,  there 
was  a  long  interval  of  stagnation,  but  in  1911  Cali- 
fornia enacted  a  law  prohibiting  the  unnecessary  wast- 
ing of  natural  gas  into  the  atmosphere.  Then,  in 
1915,  a  department  of  natural  resources  was  authorized 
in  that  State  to  protect  the  natural  resources  of  water, 
petroleum,  and  gas  from  damage,  waste,  and  destruc- 
tion. The  same  year,  another  law  was  approved  de- 
signed to  prevent  damage  to  oil-bearing  strata  by  the 
infiltration  from  water-bearing  strata.^-  A  re^dew  of 
the  first  few  years'  operations  of  the  State  oil  and  gas 
supervision  shows  that  almost  all  of  the  work  was 
toward  the  prevention  of  the  flow  from  water  sands  to 
oil  sands,  the  value  of  which  had  a  great  deal  of 
natural  appeal  to  water-conscious  Californians.  Xo 
strain  was  placed  on  the  mandatory  features  of  the 
California  law  as  virtually  all  of  the  effort  was  ex- 
pended in  the  education  of  oil  men  to  an  appreciation 
of  the  importance  of  using  proper  methods  of  casing 
and  cementing.  Although  the  California  gas  and  oil 
law  has  been  amended  a  number  of  times  there  has 
been  no  considerable  departure  from  the  principles  of 
the  original  acts,  unless  one  recognizes  in  the  procedure 
aimed  at  the  prevention  of  the  unreasonable  waste  of 
gas  into  the  air  and  the  shutting  out  of  oil  from  water 
sources  something  that  could  not  have  been  envisaged 
in  the  first  acts.  In  1931  a  well  spacing  law  was  en- 
acted in  California. 

The  production  of  more  oil  than  the  market  could 
absorb  with  attendant  price  depression,  a  recurrent 
event  with  the  discovery  of  large  oil  fields  in  Okla- 
homa, principally  Healdton  and  Cushing.  led  to  the 
development  of  the  proration  idea.  At  first,  the  Okla- 
homa Corporation  Commission  tried  to  curb  the  effect 
upon  price  by  prohibiting  the  purchase  from  certain 


^  C.ilifornia  was  the  leader  in  administration  of  tliis  t.ype  of  law  ; 
however,  statutes  attempting  to  protect  strata  were  passed  in  Indiana 
(1893),  Kansas  (1S91),  Kentucky  (1893).  Ohio  (1893).  Pennsylvania 
(ISSl),  prior  to  the  California  act;  subsequently  Tennessee  (1917), 
Texas  (1931),  West  Virginia  (1931),  and  Wyoming  (1920),  passed  laws 
for  the  same  general  purpose. 


pools  at  less  than  a  fixed  price.  In  1915  a  proration 
law  -was  passed,  but  before  it  was  tested  the  AVorld 
War  demand  for  oil  set  in  with  a  rapid  rise  in  the 
price,  so  the  law  was  a  dead  letter  throughout  the  war 
period  and  several  years  thereafter. 

The  war  did  a  great  deal  to  make  the  United  States 
oil  conscious,  and  the  stimulation  of  production  left  the 
country  with  many  problems.  Considerable  emphasis 
during  our  participation  in  the  war  was  given  to  con- 
servation in  use.  The  fact  that  the  demand  exceeded 
the  supply  forced  the  economists  to  give  their  atten- 
tion for  a  period  to  the  break-down  of  the  doctrine  of 
laissez-faire,  since  the  law  of  supply  and  demand  was 
no  longer  operating  in  the  national  interest.  The 
Lever  Act  in  1917  for  the  conservation  of  food  and  fuel 
was  the  result.  Oil  from  January  1918  was  under  the 
oil  division  of  the  Fuel  Administration.  The  oil,  to  all 
intents  and  purposes,  was  pooled  and  distributed  re- 
gardless of  ownership.  For  practical  jDurposes  the 
stored  oil  was  the  property  of  the  Government,  to  be 
disposed  of  as  might  best  meet  the  demand  of  the  time. 
Considerable  of  the  oil  was  allocated.  All  petroleum 
products  were  considered  fuel  and  ■nere  subject  to  the 
same  control  in  relation  to  practices  and  profits  as  food 
(the  act  had  conferred  authority  for  price-fixing  of 
coal).  The  practice  of  refineries  throughout  the  coun- 
ti'y  of  bidding  up  the  price  of  cnide  oil  was  not  viewed 
by  the  Government  with  approval,  and  in  May  1918 
the  industry  was  advised  that  there  was  no  justification 
for  any  further  advances  and  that  the  Government 
expected  the  industry  to  cooperate  in  maintaining  the 
then  existing  prices  as  maximum.  Unrestricted  com- 
lietition  was  not  considered  to  be  in  the  national  inter- 
est. The  plan  worked  out  for  the  stabilization  of 
j)rices  and  the  maintenance  of  an  uninterrupted  flow 
of  crude  oil  included  tacit  or  implied  voluntary  agree- 
ments restricting  prices  for  refined  products.  The 
overseas  demand  for  gasoline  was  so  great  by  August 
1918  that  a  rerjuest  was  made  for  gasolineless  Sundays 
for  pleasure  purposes  (five  in  September  and  two  in 
October)  in  the  area  east  of  the  Mississippi  Eiver. 

For  several  years  following  the  World  War  there 
was  a  strong  demand  for  petroleum  and,  consequently, 
a  marked  stimulation  in  exjjloration.  Doubts  were  ex- 
pressed in  many  quarters  as  to  the  ability  of  the  United 
States  to  meet  its  requirements,  and  the  development  of 
foreign  deposits,  especially  Mexico  and  Venezuela, 
were  looked  on  with  favor.  In  1920  the  mineral  leas- 
ing act  put  public  oil  lands  on  an  entirely  new  basis 
for  conserving  oil  and  gas.  In  1930  the  Secretary  of 
the  Interior  was  authorized  to  enter  agi-eements  for 
unit  development  of  the  oil  pools  when  determined  to 
be  necessary  or  advisable  in  the  public  interest.    The 
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regiiliitions  aiJiflicuble  to  drilliiiji  und  ininluctioii 
nietliods  on  public  lands  were  generally  aimed  toward 
conservation;  that  is.  (j^icient  production. 

The  experience  of  the  Xation  in  the  World  AVar  and 
the  rapid  development  of  motorized  war  devices,  avia- 
tion especially,  seem  to  have  refocused  attention  on  the 
conservation  of  petroleum.  It  is  not  impossible  that 
the  malodorous  Teapot  Dome  affair  may  have  pre- 
vented a  drift  of  the  public  attention  away  from  oil. 
By  l!)2-i  the  results  of  ''wild  catting"  were  being  felt 
through  increased  production,  but  the  importance  of 
continued  discovery  was  recognized,  even  though  the 
industry  was  faced  with  the  enigma  of  how  to  preserve 
values  in  the  face  of  growing  reserves.  In  December 
1924  President  Coolidge  appointed  the  Federal  Oil 
Conservation  Board  to  study  the  responsibility  of  the 
Government  in  the  conservation  of  oil.  This  organi- 
zation rapidly  developed  into  an  instrument  for  coop- 
criitinu  with  the  industry,  (rovernment  bureaus  went 
iiilc)  the  problem  of  present  and  future  supply,  ques- 
tionnaires were  sent  to  the  industry,  and  early  in  1926 
two  hearings  were  held  by  the  Board. 

One  of  the  most  striking  things  about  the  addresses 
at  the  hearings  was  the  conflict  of  definitions  of  the 
word  "conservation":  to  many  ''conservation''  meant 
hoarding.  This  concept  is  well  illustrated  in  the 
speech  (1920)  of  a  man  mIio  within  a  very  few  years 
became  a  national  figure  in  oil  conservation.     He  said: 

I  am  not  one  of  tho.se  who  believe  that  there  is  any  necessity 
for  conservation,  because  I  believe  that  there  is  a  sufficient 
supply  of  oil  to  meet  the  demand  for  internal  combustion 
fuel  and  lubrication  for  centuries  to  come,  probably  as  long 
ns  our  civilization  and  its  necessities  for  petroleum  shall 
exist.  Having  hcanl  so  much  talk  of  conservation,  natiu'ally, 
I  have  considered  how  conservation  might  be  effected,  if  and 
when  necessary,  and  I  could  not  avoid  the  conclusion  that 
conservation  must  take  the  form  of  restricted  production  and 
restricted  consumption.  To  me  such  restriction  seems  possible 
only  through  either  Government  ownership  or  monopolistic 
control. 

To  this  man,  in  1926,  overprotluction  and  cheap  gaso- 
line were  synonymous  and  desirable,  and  restricted 
production  would  be  the  end  of  cheap  oil.  cliea])  gaso- 
line, and  the  joy  of  living. 

An  independent  producer,  following  the  speaker  just 
quoted,  said : 

In  the  past  3  or  4  years  it  has  been  the  discovery  of  a 
number  of  prolific  pools  at  about  the  same  time  and  the 
dumping  into  this  country  of  a  Hood  of  oil  from  Mexico,  duty 
free,  that  has  upset  crude  prices  and  brought  about  wasteful 
practices.  If  it  had  not  been  for  these  happenings,  the  chances 
are  we  would  not  be  here  today.  .\nd  these  conditions  can 
he  and  will  be  rei)eated  unless  the  Government  takes  a 
little  hand  in  the  oil  business. 

At  the  second  (^lay  27.  1920)  hearing,  the  speaker 
representing  most   of  the  large  oil   companies  "soft- 


ijedalcil"  the  itlca  of  Federal  conservation  and  at  least 
strongly  implied  a  doubt  of  State  or  Federal  authority 
to  conserve  oil  in  the  ground  but  hinted  that  there 
might  be  a  solution  by  encoiu-aging 

voluntary  cooi)eration,  to  deal  with  the  problem  of  production 
from  an  economic  standpoint. 

This  advocate  ct)uld  only  have  been  expressing  the 
attitude  of  a  fraction  of  the  industry  when  he  con- 
cluded that  the  conservation  remedies  were  (1)  scien- 
tific and  (2)  political.  Paraphrasing  what  he  said — 
scientific  effort  holds  the  promise  of  the  future,  and 
the  Government  can  accomplish  much  in  stimulating 
and  leading  research:  competition  will  foster  improve- 
ments, develop  substitutes  and  promote  efficiency;  and 
jjolitical  action,  superficially  attractive,  is  likely  to 
fail,  though  something  might  Ix^  done  by  the  removal 
of  legal  obstacles  to  intelligent  cooperation.  Only  one 
man  representing  a  large  companj'  raised  his  voice  in 
opposition  to  this  opinion.  This  man  was  ahead  of  his 
contemporaries  in  the  industry  in  his  recognition  of 
certain  principles  of  the  function  of  gas  as  energy — 
priiicii)les  which  did  not  receive  general  consideration 
until  several  years  later. 

By  the  beginning  of  1929  the  Board  reported : 

The  complete  organization  of  cooperative  effort  recom- 
mended by  the  Board  in  its  first  report  has  not  been  attained, 
but  the  keen  and  sustained  attention  given  to  the  study  of 
new  methods,  the  many  conferences  held,  the  large  number  of 
working  committees  organized  within  the  indusivy,  and  the 
cooperative  spirit  with  which  different  units  worked  together 
are  all  indicative  of  a  new  apiireciation  of  responsibility.  The 
acceptance  of  the  principles  of  conservation  as  a  practical  policy 
by  the  foremost  executives  of  the  larger  oil  companies  is  a 
hopeful  sign  of  the  times.  The  closer  contacts  both  within  the 
industry  and  between  it  and  State  and  Federal  officials  also 
promise  gradual  betterment  of  economic  conditions. 

By  1929  the  importance  of  gas  in  the  conservation 
and  economical  production  of  oil  had  filtered  into  the 
consciousness  of  quite  a  considerable  number  of  oil 
men.  Although  the  Bureau  of  Mines  had  been  doing 
research  work  along  that  line  since  about  191.')  and  had 
])ublished  a  number  of  reports  from  1920  onward,  this 
work  ha<l  not  received  general  recognition  by  the 
industry.  The  hearings  before  the  Board  in  1926  indi- 
cate that  only  two  or  three  at  that  meeting  had  any 
grasp  of  the  subject. 

In  1927  the  American  Petroleum  Institute  under- 
took to  collect  data  relative  to  the  fimction  of  gas  in 
the  production  of  oil.  This  work  resulted  in  the  accu- 
mulation of  a  great  deal  of  data  and  a  preliminary 
report  late  in  1927  to  the  directors  of  the  institute, 
who,  in  accepting  it,  placed  the  institute  on  record  as 
favoring  the  control  and  efficient  utilization  of  natural 
gas  occurring  with  oil.  In  1928  more  data  were  col- 
lected, and  a  cooperative  agreement  i-eached  with  the 
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Bureau  of  Mines  led  to  a  cooperative  report  in  1929, 
The  Function  of  Xatural  Gas  in  the  Production  of  Oil, 
a  landmark  in  oil  conservation  literature. 

In  tlie  early  part  of  1926  when  the  Conservation 
Board  was  holding  hearings,  the  price  of  oil  was  sat- 
isfactory and  the  industry  optimistic,  or  at  least  in- 
different; but  late  in  the  same  year,  when  the  price  of 
oil  began  to  decline  and  conditions  became  uncomfort- 
able, the  proration  law  (Oklahoma)  that  had  been 
relegated  to  the  closet  by  the  AVorld  War  again  came 
to  life.  At  first,  a  group  of  Oklahoma  producers  en- 
tered into  a  voluntary  curtailment  agreement  under  a 
paid  mnpire.  In  1927  the  privately  paid  umpire  was 
approved  by  the  corporation  connnission,  and  his 
orders  became  the  orders  of  the  commission  under  the 
1915  act.  By  1930  the  proration  of  the  entire  State 
had  been  thus  promoted. 

In  Texas,  the  development  of  the  Yates,  Hendricks, 
and  Winkler  pools  with  their  pressure  on  the  market 
led  to  proration  agitation,  and  a  producer  agreement 
for  voluntary  proration  was  reached  in  1926.  AVith 
no  law,  except  for  the  conservation  provisions  in  the 
Constitution  to  fall  back  on,  the  oil  producers  grasped 
at  the  idea  of  voluntary  control,  and  this  scheme  spread 
to  operators  in  other  pools,  with  the  result  that  the 
State  Railroad  Commission  by  the  spring  of  1931  was 
promulgating  proration  orders  largely  based  on  vol- 
untai-y  agreements.^^  Incidentally,  the  re^ased  Civil 
Statutes  of  Texas,  1925,  obligated  the  legislature  to 
pass  laws  for  the  conservation  of  natural  resources, 
and  the  1928  statutes  included  oil  and  prohibited  the 
waste  in  production,  storage,  or  transportation  of 
petroleum  or  natural  gas.  In  1931  the  law  prorating 
to  market  demand  was  passed. 

Xo  attempt  will  here  be  made  to  give  a  chronology 
of  similar  activities  in  other  States  following  the  gen- 
eral pattern  of  Oklahoma  and  Texas ;  it  is  sufficient  to 
say  that  several  other  States  did  follow  their  example, 
although  California  by  referendum  in  1932  killed  the 
proration  law  that  had  recently  been  passed  and,  con- 
sequently, the  oil  industry  of  that  State  returned  to 
the  earlier  method  of  voluntary  proration.  The  pro- 
ration idea  of  1915,  applicable  only  to  flush  fields,  had 
expanded  and  by  1932  had  been  extended  to  old  as 
well  as  new  fields. 

To  assist  the  States  in  their  efforts  at  proration  and 
for  the  guidance  of  the  industry  in  its  attempts  at 
voluntary  proration,  the  Federal  Oil  Conservation 
Board  in  1930  organized  the  first  volunteer  committee 
on  petroleum  economics,  which  forecast  the  total 
United  States  demand  '^  and  suggested  an  allocation 


"  The  umpires  were  selected  by  the  Commission  but  were  paid  by  the 
comp.inies  on  a  per  barrel  basis. 

^■^  Tile  demand  was  estimated  for  motor  fuel  which  was  converted 
to  crude  oil  reijuirements. 


of  production  requirements  as  between  the  larger  pro- 
ducing States.  From  time  to  time  until  the  spring  of 
1933,  other  volunteer  committees  made  similar  reports, 
although  all  of  them  did  not  suggest  allocations. 

In  1929  the  Secretary  of  the  Interior,  Dr.  Wilbur, 
gave  expression  to  the  idea  that  the  conservation  of 
oil  reserves  would  require  the  exercise  of  the  States' 
police  power  and  that  the  balancing  of  supply  and  de- 
mand would  reriuire  the  coordination  of  that  power's 
exercise  by  common  action  of  the  individual  States. 
This  concept  initiated  the  movement  for  State  cooj^era- 
tion  through  an  interstate  compact,  which  movement 
at  the  end  of  Dr.  Wilbur's  term  of  office  was  part  of  a 
program  sponsored  liv  the  governors  of  ten  oil-produc- 
ing States.  The  extension  of  that  idea  and  further 
developments  in  oil  conservation  will  be  discussed  fur- 
ther in  a  paper  on  the  Connally  law. 

The  growth  of  the  conservation  movement  can  not 
be  plotted  as  a  straight  line  curve,  nor  can  it  be  con- 
sidered as  a  peaceful  development,  for  the  entire  course 
has  been  a  battle  ground  with  the  forces  at  times  about 
equally  divided.  Each  step  has  required  a  period  of 
adjustment  and  those  who  have  lost  opportunities 
through  withdrawal  of  public  domain  or  through 
regulations  have,  in  almost  every  instance,  put  up  a 
strenuous  fight.  The  records  of  State  and  Federal 
courts  are  filled  with  the  history  of  these  fights.  The 
noise  set  uj)  in  opposition  to  conservation  has  been 
about  directly  proportional  to  the  stakes.  In  the  pe- 
troleum industry,  the  problem  of  conservation  is  not 
only  one  of  the  gray  zone  of  authority  between  the 
State  and  the  Federal  Governments,  of  the  conflict  of 
modern  engineering  knowledge  with  laws  and  prece- 
dents established  during  a  period  of  little  scientific 
knowledge  concerning  the  nature  of  the  underground 
reservoir,  but  also  one  of  the  cooperation  of  corjiora- 
tions  of  different  levels  of  integration  and  financial 
power. 

Conservation  is  inseparable  from  economics,  and  the 
profit  motive  has  to  a  large  extent  determined  which 
side  of  the  battlefield  individuals  and  corporations 
have  chosen.  Conservation  and  efficiency  in  operation 
are  closely  related  subjects,  and,  as  a  rule,  stabilized 
prices  if  at  a  sufficiently  high  level  tend  to  encourage 
efficiency. 

There  are  many  in  one  or  another  branch  (research, 
production,  refining,  transportation,  or  marketing)  of 
the  petroleum  industry  who  are  opposed  to  proration 
and  insist  that  the  law  of  supply  and  demand  in  a  free 
market  should  govern  the  extension  of  reserves  and 
production.  Other  oil  men  and  economists  insist  that 
there  is  no  law  of  supply  and  demand  at  either  an  ex- 
treme of  supply  or  demand;  that  is  to  say,  there  is  no 
resrard  for  values   and   no  meeting  of   the  minds   of 
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buyers  and  sellers  either  when  the  nuirket  is  glutted 
with  too  luuiii  of  a  product  for  the  Iniyers  to  use  or 
not  enough  of  a  product  to  meet  the  demand  of  the 
buyers.  In  the  case  of  an  excess  demand,  the  sky  is  the 
limit  uidess  substitutes  are  available,  and  with  i)ro- 
duction  far  in  excess  of  demand,  ilic  ]irice  reaction 
trend  is  strongly  towaril  zercj.  Under  laissez-faire 
tiieories  and  a  free  market,  there  is  little  or  no  ujjpor- 
tunity  for  the  individual  to  conserve  petroleum  in  its 
natural  reservoir  even  tiiough  he  may  i)ersonalIy  desire 
to  defer  or  extend  the  period  of  his  profit,  neither  has 
he  much  choice  in  the  conservation  of  his  capiUil.  Un- 
less he  is  the  sole  controlling  element  in  a  pool,  tlie 
utilization  of  the  resource  is  beyond  his  direction.  The 
best  possible  way  of  wasting  a  petroleum  pool  is  to 
parcel  it  out  to  competing  operators,  each  one  intent 
on  getting  all  he  can  without  any  control.  There 
is  nothing  to  assure  in  such  a  situation  tliat  tiic  free 
market  and  the  law  of  supply  and  demand  will  auto- 
matically throw  off  adequate  su])plies  of  petroleum. 
There  is  no  assurance  that  under  comjjetitive  drilling 
each  interested  party  is  equal  to  protecting  his  owner- 
ship in  the  connnon  pool  against  drainage  by  the  per- 
son of  superior  iinancial  ability. 

Certain  opponents  of  legislation  that  has  been  pro- 
po.sed  for  petroleum  conservation  as  well  as  some  legis- 
lation now  existent  have  expressed  the  opinion  that 
there  is  enough  oil  or  substitutes  to  last  for  hundreds 
of  years  and  that  the  danger  of  exhaustion  is  far  out- 
weighed bj-  the  probability  of  technologic  advances 
that  may  make  petroleum  valueless.  Perhaps  this 
point  of  view  is  only  a  protective  reaction  to  the  alarm- 
ist tyjie  of  conservation  advocate  or  is  based  on  op- 
position to  those  plans  for  regulatory  legislation  which 
may  be  considered  impractical  or  dangerous.  It  is,  of 
course,  true  that  without  regard  for  the  increased  cost 
of  j)roducts,  an  enormous  new  capital  change,  and 
probably  a  complete  geographical  shift  of  the  industry, 
oil  derived  from  roal  could  meet  domestic  ref|uirements 


of  this  country  for  hundreds  of  yeai-s.  but  those  who 
argue  against  conservation  legislation,  or  more  spe- 
cifically Federal  control  of  the  jietroleuni  industry, 
pass  siigiiliy  over  the  (|Uestion  of  costs  aiul  rarely  give 
consideration  to  the  social  consequences. 

The  history  of  the  develo])ment  of  the  consei'vation 
concejjt  is  evidence  that  the  wise  utilization  of  resources 
and  not  lioarding  is  fundameniai.  In  the  Held  of  min- 
eral fuels,  the  emphasis  is  not  on  how  long  these 
vital  materials  will  last,  but  on  producing,  processing, 
and  using  them  with  as  little  waste  as  possible.  That 
oil  may  be  a  substitute  foi-  natural  gas  or  that  coal 
may  be  a  substitute  for  oil.  even  though  at  increased 
costs,  is  foi'tunate  but  no  reasf)nable  justification  for 
the  waste  of  oil  and  gas.  I'nder  conservation  meas- 
ures conceived  for  the  connnon  good,  it  is  just  as  rea- 
sonable to  anticipate  iliai  the  competitive  position 
of  motor  fuel  and  other  i)elroleuni  products  may  for 
many  years  be  favorable  to  oil,  as  to  assume  that  these 
products  will  Im?  produced  from  coal  for  less  than 
from  oil.  [larticularly  when  present  information  on 
.synthetic  motor  fuels  shows  that  costs  are  now  sev- 
eral times  greater  than  for  motor  fuel  produced  from 
petroleum.  The  possibility,  though  not  of  the  inunedi- 
ate  future,  of  using  coal  for  the  manufacture  of  a 
liquid  motor  fuel  shoidd.  if  anything,  point  to  the 
wisdom  of  curl)ing  the  losses  and  waste  in  that  industry 
rather  than  to  continued  wastefulness. 

The  history  of  the  development  of  the  conserva- 
tion concept  shows  that  the  public  welfare  and  the 
methods  of  the  operators  are  often  at  variance,  not 
necessarily  by  reason  of  stupidity,  greed,  malicious  in- 
difference, or  other  malevolent  traits  of  the  operators, 
but  by  reason  of  customs,  princii)les,  and  laws  im- 
l)roperly  coordinated  to  meet  current  economic  and 
technologic  conditions.  The  conservation  movement 
has  not  gone  forward  in  a  vacuum.  It  is  not  a 
religion.  It  is  not  conceived  in  pure  altruism.  It  is  a 
practical  problem  forced  upon  a  people  by  their  rec- 
ognition of  the  limitations  of  frontier  expansion. 


PART  FOUR— SECTION  II 
THE  CONNALLY  ACT:  BACKGROUND 

By  John  W.  Frey  * 


The  act  of  February  22, 1935,  generally  known  as  the 
Connally  Act,  is  directly  traceable  to  the  "meeting  of 
the  Governors"'  ^  of  the  principal  oil-producing  States 
with  the  Secretary  of  the  Interior  in  Washington,  on 
ISIarch  27,  1933.  The  Connally  law  prohibits  the  sliip- 
ment  of  contraband  oil  in  interstate  or  foreign  com- 
merce.- This  law  is  designed  to  assist  the  oil-produc- 
ing States  in  enforcing  their  conservation  laws.  In 
order  to  understand  the  position  of  the  Federal  and 
State  Governments  in  this  legislation  and  the  experi- 
ence thereunder,  it  is  desirable  to  trace  the  history  of 
certain  economic  features  of  the  oil  industry  and  of 
governmental  activities  relating  to  oil  during  the 
period  of  chaos  which  was  incident  to  the  develop- 
ment of  high  potentials  in  Oklahoma  and  Texas  dur- 
ing the  years  immediately  following  1930.  That  year 
marked  the  discovery  of  the  East  Texas  cil  field,  and 
this  discovery  of  the  largest  oil  field  in  the  United 
States  ushered  in  problems  which  have  challenged 
many  legal  concepts  of  long  standing. 

Up  to  the  period  of  the  Great  War,  except  for  statu- 
tory settlement  of  a  controversy  between  the  State  of 
Indiana  ^  and  an  oil  company  over  the  waste  of  gas  and 
a  California  law  to  prevent  the  waste  of  gas  ^  and  an- 
other to  prevent  the  destruction  of  oil  strata  by  the  in- 
filtration of  water,''  the  field  of  oil  and  gas  conservation 
received  little  legislative  consideration.  In  1915  the 
reduction  in  crude  oil  prices  in  the  Midcontinent. 
caused  by  the  heavy  production  of  the  Cushing  field, 
resulted  in  a  law  in  Oklahoma  prohibiting  the  produc- 
tion of  petroleum  in  such  manner  as  to  cause  waste. 
The  definition  of  waste  included  production  in  excess 
of  transportation  and  marketing  facilities.''  With  the 
World  War  demand,  the  Oklahoma  law  became  a  dead 


•Associate  Director.  Petroleum  Conservation  Division.  Office  of  the 
Secretary  of  tlie  Interior. 

^  Except  for  tlie  Governor  of  Kansas,  all  other  State  representations 
were  delegated. 

"  Defined  in  the  act  as  "petroleum  wliich,  or  any  constituent  part  of 
which,  was  produced,  transported,  or  withdrawn  from  storage  in  excess 
of  tlie  amounts  permitted  to  be  produced,  transported,  or  withdrawn 
from  storage  under  the  laws  of  a  State  or  under  any  regulation  or 
order  prescribed  thereunder  by  any  board,  commission,  officer,  or  other 
duly  authorized  agency  of  such  State,  or  any  of  the  products  of  such 
petroleum." 

3  The  law  was  passed  In  1893  and  the  constitutionality  affirmed  by 
the  United  States  Supreme  Court  In  1900. 

'  Stats,  mil. 

5  Stats.  1915. 

'The  constitutionality  of  this  definition  was  not  confirmed  by  the 
State  Supreme  Court  until  1930,  in  C.  C.  JuUan  Oil  d  Royalties  Co. 
V.  Cop.v7iajr. 
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letter,  until  the  initiation  of  a  new  period  of  heavy 
flush  production  in  the  Seminole  field  in  192G,  with 
consequent  reduced  prices,  revived  the  law.  During 
the  participation  of  the  United  States  in  the  World 
War,  supply-demand  relationships  were  violently  dis- 
torted as  the  demand  was  far  in  excess  of  supply,  and 
only  Federal  intervention  stopped  the  upward  flight  of 
price.  After  the  war,  the  stimulation  of  discovery 
continued  as  more  and  more  capital  followed  the  drill 
into  new  areas,  but  the  industry  in  general  did  not  ap- 
pear to  be  concerned.  Representatives  of  almost  all  of 
the  large  companies  at  a  hearing  of  the  Federal  Oil 
Conservation  Board  early  in  1926  were  sanguine  as  to 
the  future  as  they  had  not  had  to  face  a  big  discovery 
for  10  years;  like  most  oil  men  of  the  period  they  con- 
sidered that  they  were  doing  a  good  job  of  voluntary 
conservation  and  did  not  want  to  see  either  the  States 
or  the  Federal  Government  disturb  their  equanimity 
by  the  passage  of  laws,  the  j^rovisions  of  which  might 
be  uncertain  and  untested.  By  the  end  of  192G  the  lid 
had  blown  otf,  and  the  heavy  production  of  new  fields 
led  to  the  discovery  that  supply-demand  relationships 
could  be  upset  by  momentary  superabundant  supply  as 
well  as  by  superdemand.  The  period  from  1926  to  1930 
was  marked  by  a  series  of  new  pool  discoveries,  each  of 
which  augmented  the  difficulty  of  absorbing  production 
at  which  the  producers  considered  a  reasonable  price. 
Had  the  demand  for  petroleum  continued  at  the  nor- 
mal rate  of  increase,  the  problem  would  have  been  dif- 
ficult of  solution,  but  the  enormous  potential  of  East 
Texas  became  known  early  in  1931,  at  the  same  time 
that,  as  a  result  of  the  depression,  the  demand  for 
petroleum  was  flattening  out.  The  solution  of  the 
problem  seemed  no  longer  to  be  ''laissez  faire"  but  the 
enactment  of  legislation  that  would  keep  the  structure 
of  the  industry  from  collapsing.  The  period  from  1920 
to  1932  was  marked  by  the  passage  of  conservation 
laws  in  most  of  the  large  oil-producing  States,  and 
proration  of  production  to  market  demand  took  the 
spotlight  of  legislative  and  judicial  attention.  Two 
themes  ran  through  most  of  that  legislation,  (1)  to 
control  prodiution  in  ord?r  to  prevent  physical  waste, 
and  (2)  to  kee\>  production  at  such  level  as  to  prevent 
demoralization  of  markets.  Also,  it  was  generally 
recognized  that  the  known  reserve  can  be  measured  in 
terms  of  a  relatively  small  period  (10  to  15  years), 
that  continuity  of  supply  is  dependent  upon  success  in 
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IiiHliii<r  new  oil  pools,  and  tlial  Uiisli  Helds  by  their 
lower  initial  costs  may,  as  a  result  of  depressed  prices, 
damage  areas  of  settled  production;  all  of  which  fac- 
tors trace  back  to  the  nialadjiistnicnts  of  unrestricted 
iliilliiiL'  iinil  tlie  so-called   rule  (it  i-apiure. 

Long  before  crude  oil  went  to  10  cents  a  barrel  in 
East  Texas,  operators  in  older  fields  had  found  their 
position  imperiled.  Not  only  were  the  oil  men  seeking 
the  road  to  recovery,  but  States  whose  welfare  is  inex- 
tricably associated  with  the  oil  industry  felt  the  effects 
of  the  flood  of  oil — attendant  lower  prices,  reduced 
revenues,  and  a  relief  problem — and  so  wei-e  no  less 
anxious  than  the  companies  to  do  something  about  it. 

Vaiious  experiments  were  tried.  The  States  were 
having  a  difKcult  time  because  a  reduction  in  produc- 
tion by  one  only  gave  a  better  opportunity  for  the 
others.  The  necessity  of  cooi-dination  of  State  en- 
deavors was  recognized.  There  were  also  those  who 
believed  that  the  Federal  Government  has  the  author- 
ity to  exercise  all  tlu'  functions  which  the  State  gov- 
ernments exercised  in  the  regulation  of  production  and 
advocated  that  the  Federal  Government  exercise  its 
authority.  In  the  spring  of  1929,  a  committee  of  the 
American  Petroleum  Institute  placed  before  the  Fed- 
eral Oil  Conservation  Board  a  world-wide  plan  for 
tlie  limitation  of  production  to  demand  by  voluntary 
agreements  of  American  and  foreign  com])anies.  The 
Attorney  General  expiessed  the  opinion  that  such  an 
agreement  would  not  relieve  the  parties  to  such  an 
agreement  from  the  f)])eration  of  the  antitrust  laws 
aiul  tliat  the  board  did  not  have  the  authority  to  grant 
immunity. 

The  then  Secretary  of  the  Interior,  as  chairman  of 
the  Board,  did  not  consider  this  the  end  of  the  road 
and  stated  in  his  reply  of  April  12.  1929,  to  the 
Institute, 

The  problem  appears  to  the  Board,  tlierefore,  due  to  the 
lejinl  inhibitions,  to  be  one  in  the  real  solution  of  which  action 
must  be  secured  from  the  different  St;ites.  The  I'oard  recog- 
nizes that  individual  State  action  without  coordination  would 
not  cover  the  question,  but  with  a  view  to  bringing  about  such 
a  program  and  its  coordination,  the  Hoard  believes  it  would  be 
worth  while  to  renew  discussion  with  the  three  or  four  prin- 
cipal oil-producing  States,  particularly  to  learn  if  it  is  not 
possible  for   them   to   enter  an  interstate   compact    *    *    *. 

with  the  Federal  Government,  tlirough  congressional 
action,  as  a  party.  The  idea  was  not  new  in  1929,  as 
it  had  been  proposed  by  the  Board  in  1926;  and  fur- 
ther back,  in  1923,  Mr.  Justice  Brandeis,  in  a  dissenting 
opinion  in  Pennsylvania  v.  West  Virginia^  had  pointed 
out  the  need  for  an  interstate  agency  if  the  gas  supply 
of  a  region  was  to  be  equitably  apportioned. 


In  1931  the  ]>ro[)osal  (d'  an  interstate  compact  was 
presented  to  the  Board  by  the  Oil  States  Advisory  Com- 
mittee.' A  few  months  later  Oklahouia,  Kansas,  and 
Texas  entered  into  an  informal  compact  setting  the 
quotas  for  each  State's  production  for  1932  and  the 
remainder  of  1931.  During  the  period  from  Sei>tember 
1930  to  the  end  of  19:$2  volunteer  committees  on  pe- 
troleiun  economics,  at  the  request  of  the  chairman  of 
the  (Jil  Conservatiou  Board,  proposed  a  series  of  esti- 
mates of  national  petroleum  reciuirements  for  the  guid- 
ance of  the  States  and  the  industry.  From  miilyear 
1931,  the  average  posted  price  for  average  (pudity  Mid- 
continent  crude  rose  from  18  cents  per  barrel  to  92 
cents  in  April  1932.  but  in  spite  of  some  postings  as 
high  as  $1.04  in  October  1932,  the  pressure  of  oil  on 
the  market  pu.shed  the  price  downward,  and  the  year 
1933  found  criule  below  50  cents.  The  improvement 
in  nuirkets  that  had  been  achieved  during  the  initial 
days  of  proration  was  lost,  and  the  industry  was  prac- 
tically back  Avhere  it  had  started  from.  Increased  po- 
tentials, more  and  more  wells,  decreasing  allowables, 
lower  prices,  the  need  for  more  oil  at  lower  prices  to 
pay  off  the  costs  of  drilling  and  production,  bootleg- 
ging oil  produced  in  excess  of  allowables — together 
constituting  a  vicious  circle  and  giving  rise  to  com- 
plete chaos — demanded  strong  remedies.  Despite 
various  State  efforts  to  curb  production,  which  in- 
cluded cases  of  armed  intervention,^  it  was  clear  by 
January  1933  that  curtailment  efforts  had  been  unsuc- 
cessful and  that  the  industry  faced  a  crisis. '  It  was 
arguetl  in  some  quarters  that  proration  had  been  a 
mistake  and  that  had  the  new  fields  been  allowed  to 
pi-oduce  without  restriction  their  period  of  flush  pro- 
duction would  have  been  passed  and,  therefore,  that 
these  fields  woidd  no  longer  I'epresent  a  potential 
threat.  It  was  also  argued  that  additional  price  cuts 
woidd  make  it  impossible  to  enforce  production  allow- 
ables, since  producers  woidd  have  to  get  increased 
volume  if  they  could  not  get  increased  price. 

Price  reductions  on  crude  oil  about  the  middle  of 
January  1933  spread  rapidly  over  practically  all  the 
oil-producing  States  east  of  California,  and  on  Janu- 
ary 20  the  United  States  Senate  directed  a  resolution 
to  the  Federal  Trade  Commission  to  report  on  the 
cause  of  the  recent  cut  in  the  price  of  crude  petroleum 
and  petroleum  products  and  on  other  associated 
questions.'*    The  statistical  committee  of  the  American 


'  202  U.  S.  553,  623. 


*  The  committee  was  made  up  of  officials  of  oil  producing  States, 
priiKipally  of  tho  Mirtcontinent,  .ind  was  the  result  of  a  conference  of 
tlie  Oovernors  of  Oklahoma  and  Texas  with  representatives  of  the 
Governors  of  Kansas  and  New  Mexico,  February  28,  lO.^l. 

•  On  December  12,  1032,  the  Supreme  Court  of  the  United  States  set 
aside  orders  issued  by  the  Governor  of  Texas  to  the  State  Militia  for 
reducing  oil  prodtiction  in  the  east  Texas  field. 

^^  No  formal  report  was  made  as  funds  were  not  available  and  no 
invcstieation  could  be  started  without  a  concurrent  resolution  of  the 
two  Houses  of  Congress. 
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Petioleuin  Institute  and  the  volunteer  Committee  on 
Petroleum  Economics  issued  forecasts  in  which  it  was 
anticipated  that  the  crude  oil  demand  during  the  first 
G  months  of  1933  would  be  somewhat  lower  than  dur- 
ing the  corresponding  period  of  the  preceeding  year. 

The  crisis  in  the  oil  industry  was  brought  to  the  at- 
tention of  the  Secretary  of  the  Interior,  who  invited 
the  Governors  of  the  oil-i)roducing  States  to  a  con- 
ference on  March  27,  1933,  to  see  if  anything  could  be 
done  within  the  law  to  limit  production  of  oil  to  as- 
sure a  fair  price  to  producers  and  to  put  the  industry 
on  a  sound  basis.  In  his  opening  remarks  at  this  con- 
ference, the  Secretary  briefly  commented  on  the  un- 
successful attempts  of  the  States  to  balance  supply 
and  demand  and  on  the  maze  of  confusion  and  con- 
flicting interests  out  of  which — 

must  come  a  means  of  control  or  limitation  of  production 
that  will  assure  a  continuing,  adeciuato  domestic  supply  of 
oil  that  will  not  and  must  not  exceed  actual  consumption  re- 
quirements. 

There  was  no  consensus  at  this  conference  so  two  re- 
ports resulted:  one  by  the  Committee  of  Fifteen,"  an- 
other by  a  group  known  as  the  Independent  Petroleum 
Association  Opposed  to  Monopoly.  The  extensive  re- 
port of  the  Committee  of  Fifteen  included  in  paragraph 
3  a  recommendation  that — 

The  President  of  the  United  States  shoulil  be  requested 
immediately  to  recommend  to  the  Congress  the  adoption  of  a 
law  prohibiting  the  transportation  in  interstate  and  foreign 
commerce  of  any  oil  or  the  products  thereof  produced  or  manu- 
factured in  any  State  in  violation  of  the  laws  thereof.     *     *     * 

The  reports  submitted  to  the  Secretary  were  trans- 
mitted to  the  President,  who,  on  April  3,  1933,  wrote 
to  the  Governors  of  the  States  that  had  been  repre- 
sented at  the  conference.  In  considering  the  recom- 
mendations, he  stated,  in  part — 

The  Committee  of  Fifteen  in  paragraphs  A-3  and  A-4  recom- 
mend certain  action  on  the  part  of  the  Federal  Government. 
I  am  of  the  opinion  that  the  suggestion  that  the  Congress  pass 
legislation  prohibiting  the  transiiortation  in  interstate  and 
foreign  commerce  of  an.v  oil  or  the  products  thereof  produced 
or  manufactured  in  any  State  in  violation  of  the  laws  thereof, 
is  well  considered.  I  am  i)repared  to  recommend  such  legisla- 
tion to  Congress  as  a  contribution  on  the  iKirt  of  the  National 
Government  toward  the  solution  of  the  ditficulties  in  which  the 
oil  Industry  finds  itself. 

During  the  week  of  the  Governore'  conference  in 
Washington,  the  production  of  the  East  Texas  oil  field 
increased  very  markedly,  and  the  national  production 
for  the  week  ending  April  1  was  600.000  barrels  a 
day  higher  than  the  production  recommended  by  the 


conference  ( 2,000,000  barrels  daily ) .  The  peak  of  tank- 
car  shipment  from  the  East  Texas  field,  since  the  open- 
flow  period  during  the  summer  of  1931,  was  reached 
April  1,  1933.  Oil  prices  as  low  as  13  cents  a  barrel 
were  reported,  although  the  posted  price  was  50  cents. 
The  opinion  was  expressed  that  even  those  most  active 
in  the  illegal  production  of  crude  oil  felt  that  their 
days  were  nimibered,  as  "Washington"  would  do  some- 
thing to  stop  their  practices.  Consequently,  the  quan- 
tity of  illegally  produced  oil  rose  to  a  high  figure. 

In  the  Oklahoma  City  field,  wells  in  the  Wilcox  sand 
were  shut  down  on  April  1  and  the  whole  field  on 
April  5  for  new  potential  tests  under  the  proration 
law  then  under  legislative  consideration,  which  was 
enacted  April  10. 

The  East  Texas  field  was  shut  down  from  April  6  to 
April  24.  In  ordering  this,  the  third  shut-down  of  the 
field,  the  Texas  Railroad  Commission  was  reported  to 
be  awaiting  the  action  of  the  State  legislature  relative 
to  the  marginal  well  provisions  of  the  State  conserva- 
tion laws,'-  as  it  was  apparent  that  the  allowable  under 
the  law  extant  would  have  greatly  exceeded  the  400,- 
000  barrel  allowable.  The  new  order  of  the  railroad 
commission,  etiective  April  24.  recognized  the  40  barrel 
nmrginal  mininunn  with  an  addition  of  15  percent 
based  on  flcnving  capacity.  East  Texas  under  this 
order  was  allowed  750,000  to  850.000  barrels  daily  or 
as  much  as  was  recommended  for  the  entire  State  at 
the  Governors"  conference.  The  etiect  on  the  price  of 
crude  oil  was  drastic.  East  Texas  crude  oil  dropped 
to  10  cents,  and  this  drop  was  followed  by  general 
price  reductions  throughout  the  entire  producing  area 
east  of  the  Rocky  Mountains. 

The  magnitude  of  illegally  produced  crude  oil  in  East 
Texas  is  not  known  exactly,  but  from  the  Texas  Rail- 
road Commission  figure  of  838.900  barrels  as  the  aver- 
age daily  allowable  for  May  1933  and  the  United  States 
Bureau  of  Mines  figure  of  992,700  as  the  daily  average 
production,  it  appears  that  the  indicated  illegal  pro- 
duction averaged  153,800  barrels  daily.  The  exces- 
sively high  withdrawals  of  oil  caused  a  decline  in  reser- 
voir pressure  of  such  magnitude  that  it  was  freely  pre- 
dicted a  similar  continued  decline  would  find  two- 
thirds  of  the  wells  on  the  pump  by  the  end  of  the  year. 
This  belief  was  so  strongly  held  that  at  least  $15,000,- 
000  worth  of  pumping  equipment  was  shipped  into  the 
East  Texas  field  during  the  year. 

The  impact  of  the  East  Texas  situation  was  felt  in 
Congress  through  the  introduction  of  the  Capper  bill 
in  the  Senate,  May  19,  1933,  and  the  Marland  bill  in 
the  House,  May  20,  1933 ;  '^  the  intent  of  which  was 


^'  The  Committee  of  Fifteen  was  a  merger  of  three  committees  to 
represent,  (1)  the  Governors  of  the  oil-producing  States  or  their  duly 
authorized  delegates,  (2)  the  oil  and  gas  associations  representing 
independent  producers  of  oil  and  gas  in  the  T'nited  States,  and  (3)  the 
major  oil  and  gas  and  importing  companies. 


i^The  Texas  law  in  effect  prior  to  the  shut-down  exempted  marginal 
wells  if  not  producing  more  than  40  barrels  daily. 

'3  H.  II.  5720.  the  Marland  bill,  and  S.  1T36.  the  Capper  bill,  were 
identical  bills. 
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to  itroscrvc  iiiui  protect  the  correlative  rijihts  of  the  oil- 
producing  States,  to  assist  them  in  the  proper  eiiforceiiient  of 
their  oil  conservation  laws,  to  assure  the  conservation  of  crude 
petroleum  and  natural  gas  and  to  preserve  the  same  as  national 
resources,  and  to  regulate  the  transportation  and  sale  in  inter- 
state and  foieiKii  commerce  of  natural  gas.  crude  petroleum, 
and  the  products  thereof;  to  prevent  waste  in  the  production, 
marketinn.  and  use  of  such  natural  gas  and  pctrnleum ;  to 
invest  the  Secretary  of  the  Interior  with  jinwer  to  carry  out 
this  Act,  and  for  other  purposes. 

Coiifiressman  Marland  also  introduced  ;i  liill.  House 
bill  5(lln.  Apiil  14.  1933, 

to  aid  the  States  in  the  conservation  of  crude  iictroleum  and 
to  prevent  the  transportation  in  interstate  and  foreign  com- 
merce of  crude  petroleum  which  has  been  unlawfully  produced. 

Diiriiifr  the  same  period  letrislatioii.  later  to  be  known 
as  the  National  Industrial  Recovery  Act,  was  being 
considered.  On  May  20,  1933,  the  President  addressed 
letters  to  the  Senate  and  to  the  House  relative  to  incor- 
porating in  the  recovery  bill  certain  special  provisions 
on  oil.  Tlie  President  referred  to  the  serious  condition 
of  the  oil-producing  industry,  the  interest  to  the 
Nation  tliat  oil  production  should  be  luider  reasonable 
control,  and  the  difficulty,  if  not  impossibility 

to  bring  order  out  of  chaos  only  by  State  action. 

He  reciuestetl  tliat  tlie  subject  be  given  immediate 
attention,  and  in  order  to  save  time, 

it  iikight  be  possible  to  incoriiorate  action  relating  to  the  oil 
iiidiisir.v  with  whatever  action  the  Congress  desires  to  take  in 
regard  to  the  other  industries. 

The  recovery  act  as  then  contemplated  did  not  give 
the  President  powers  to  regulate  the  oil  industry.  The 
Secretary  of  the  Interior,  therefore,  at  the  hearing  on 
the  Cajjper-Marland  bill  stated  that  lie  had  been  au- 
thorized to  say  that  the  President 

hopes  very  much  that  there  will  be  attached  to  the  national 
industrial  recovery  bill  the  following  amendmcnl  : 

"CONSERVATION    OK  PKTROLEaM 

"Sec.  10.  For  the  oil  industry,  in  addition  to  the  powers 
granted  the  President  concerning  codes  of  fair  competition, 
agreements  and  licenses,  he  is  aiuhorized  to  prescribe  regula- 
tions to  supplement  State  conservation  legislation  regulating 
the  i)roduction  of  petroleum,  to  allocate  <'<iuilably  the  national 
market  demand  for  petroleum  and  tb<-  products  thereof  among 
the  oil-producing  States  and  between  domestic  production  and 
inii)ortations  and  to  prohibit  the  transportation  in  interstate 
<(iinnierce  of  petroleum  and  the  products  thereof  produced  or 
withdrawn  from  storage  in  violation  of  any  State  or  Federal 
law  or  the  regulations  prescribed   thereunder." 

The  amendment  as  proposed  was  altered  during  its 
consideration  by  Congress  and  emerged  in  the  N.  I. 
R.  A.  as  Sec.  9,  the  first  two  paragraphs  dealing  with 
jiijie  lines  and  the  third  paragrapli.  9  (c).  with  the  pro- 


hibition against  tlie  tran>portalion  in  inlerslate  and 
foreign  commerce  of  oil  produced  or  withdrawn  from 
storage  in  violation  of  State  law.  As  ai)pio\i>d.  tlie 
amendment  was  as  follows: 

on.  liiccixvrioN 

Skc.  9.  (a)  The  President  is  further  authiu-ized  lo  initiate 
before  the  Interstate  Commerce  Commission  proceedings  neces- 
sary to  prescribe  regulations  to  control  the  oiK>rations  of  oil 
pi])e  lines  and  to  li.\  reasonable,  compensatory  rates  for  the 
transi)ortatioM  of  petroleum  and  its  products  by  pipe  lines,  and 
the  Interstate  Coniinerce  Commission  .shall  graiU  preference  to 
the  hearings  and  determination  of  such  cases. 

(b)  The  President  is  authorized  to  institute  lU'oceedings  to 
divorce  from  any  holding  company  any  pipe-line  company  con- 
trolled by  such  holding  coinjiany  which  pipe-line  company  by 
unfair  practices  or  by  exorbitant  rates  in  the  transportation 
of  petroleum  or  its  products  tends  to  create  a  monojioly. 

(c|  The  President  Is  authorized  to  prohibit  the  transporta- 
tion in  interstate  and  foreign  conunerce  of  petroleum  and  the 
products  thereof  i)rodu<-ed  or  witlidrawn  from  storage  in  excess 
of  the  amount  permitted  to  be  produced  or  withdrawn  from 
storage  by  any  State  law  or  valid  regulation  or  order  pre- 
scribwl  theremider,  by  any  board,  commission,  officer,  or  other 
duly  authorized  agency  of  a  State.  Any  violation  of  any  order 
of  the  President  issued  under  the  provisions  of  this  subsection 
.shall  be  punishable  Viy  fine  of  not  to  exceed  $1,000,  or  imprison- 
ment for  not  to  exceed  six  months,  or  both. 

Elfectivc  ,)une  13.  VXV.\.  the  Te.xas  Railroad  C'onunis- 
sion  issued  a  new  East  Texas  order  reducing  tlie  allow- 
able to  rMO.DOO  l)arrels  or  about  3UU,000  barrels  less 
than  the  ])rior  older.  Crude  oil  prices  responded  with 
increased  ])()stings. 

Tile  recovery  bill  became  a  law  June  Itj,  1933.  and  its 
effect  was  almost  immediately  felt  in  a  general  increase 
in  oil  prices. 

The  President  on  July  11.  1933.  issued  an  order  ap- 
jilying  his  authority  cner  oil  produi-ed  or  withdrawn 
from  storage  illegally,'*  and  three  days  later  delegated 
his  authority  to  tlie  Secretary  of  the  Interior.'"'  The 
Secretary  of  the  Interior  on  .July  1.5.  1933.  issued  gen- 
eral regulations  ])rohibiting  the  moveinciit  of  oil  in 
interstate  and  foreign  commerce  except  111)011  affidavits 
certifying  as  to  the  oil  having  been  produced  or  with- 
drawn from  storage  as  prescribed  by  State  laws  or 
regulations."' 

Before  considering  the  transition  from  the  "affidavit 
period"  in  the  application  of  section  9  (c)  to  the  "Ten- 
der Board  period,"  mention  should  be  made  of  Petro- 
leum Code  activities  which,  because  of  their  supple- 


"Exenitlve  Order  No.  019!),  July  11.  10.33. 

''•  Executive  Order  No.  f,204,  .Tuly  14.  1933.  authorized  the  Secretary 
of  the  Interior  to  exerctse  all  the  jiower.'!  vested  in  the  President  for 
the  p«riM>:>e  of  enforcing  sec.  9  (o)  of  the  N.  I.  R.  A. 

^*  The  first  order  was  of  national  application  l>ut  b.v  a  su|)er.sedinff 
order  of  AURUSt  2  the  areas  of  its  application  were  restricted  to  Oljla- 
homa  City  and  the  East  Texas  fields. 
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mental  effect,  are  often  confused  with  activities  under 
section  9  (c).  This  confusion  is  readily  understood 
■when  it  is  recognized  that  the  Secretary  of  the  Interior 
was  the  Administrator  of  both  section  9  (c)  and  the 
Petroleum  Code  ^'  and  thus  worked  on  both  problems, 
often  simultaneously. 

Hearings  on  the  Code  of  Fair  Competition  for  the 
Petroleum  Industry  began  on  July  24,  1933,  and  on 
August  19  the  President  approved  the  code,  which  be- 
came effective  September  2.  Tlie  psychological  effect 
of  the  approval  of  the  code  must  have  been  powerful, 
as  the  posted  price  of  east  Texas  crude  advanced  to  60 
cents  f)er  barrel  on  August  24  and  to  75  cents  on  Sep- 
tember 6.  On  the  effective  date  of  the  Administra- 
tor's order,  September  8,  1933,  allocating  consumer  de- 
mand among  the  oil-pi'oducing  States,  the  posted  price 
of  East  Texas  crude  advanced  to  90  cents. 

Altliough  there  were  sectiojis  in  the  oil  code  on  re- 
fining, marketing,  and  wages  and  hours,  certainly  the 
empliasis,  both  at  the  hearings  and  in  the  work  of  the 
Planning  and  Coordination  Committee,  the  industrial 
code  authority,  at  the  outset  was  on  production.  There 
seemed  to  be  a  motivating  philosophy  in  the  then  com- 
monly accepted  point  of  view  tliat  all  that  was  neces- 
sary was  to  straighten  out  the  problems  of  production 
and  everything  else  would  take  care  of  itself.  That 
this  idea  was  erroneous  is  beside  the  point  so  far  as 
the  early  activities  of  the  industry'  under  the  code  are 
concerned.  The  code  provided  a  means  by  which  mar- 
Icet  demand  could  be  allocated  to  the  xiroducing 
States.^*  The  second  allocating  order,  effective  Sep- 
tember 28,  1933,  was  followed  the  next  day  with  a 
posted  i^rice  for  East  Texas  and  average  Midcontinent 
crude  oil  of  $1.00,  which  remained  fixed  until  January 
9,  193G. 

During  the  code  period,  imjiorts  of  petroleum  and 
its  products  were  held  down.  Withdrawals  of  crude 
oil  from  storage  were  controlled;  allocations  were  fol- 
lowed within  an  average  of  1.7  percent  (excess)  ;^^  and 


"By  Executive  Order  No.  62G0-A  of  August  28,  1933,  the  Secretary 
of  the  Interior  was  appointed  Administrator  for  tiie  Petroleum  In- 
dustry and  the  Department  of  the  Interior  was  designated  the  Federal 
agency. 

"*  Article  III  of  the  code  containing  provisions  relative  to  the  pro- 
duction of  crude  oil  dealt  with  (1)  limitation  of  imports  of  crude 
petroleum  and  petroleum  products  for  domestic  consumption;  (2)  with- 
drawals of  crude  oil  from  storage;  (3)  estimates  of  required  crude  oil 
production  to  balance  consumer  demand  and  allocation  among  the 
States  ;  (4)  relationship  between  representative  crude  oil  and  gasoline 
prices;  (5)  establishment  of  i>rice  schedule  and  determination  of  cost 
of  production;   (6)  planned  development  of  new  pools. 

">  From  September  1  to  the  end  of  1933  production  exceeded  alloca- 
tions 3.75  per  cent ;  the  increase  to  G.T4  in  tlie  first  semester  of  1934 
followed  by  4.36  in  the  second  is  explained  in  the  tact  that  recogni- 
tion was  given  to  the  relationship  between  refinery  operations  and 
estimated  demand,  e.  g..  refining  of  excess  crude  oil  and  shipment  of 
products  to  other  States  for  storage,  distorted  State  impressions  on 
magnitude  of  State  demand  for  crude.  The  excess  of  production  over 
demand  was  reduced  to  3.55  per  cent  during  last  five  months  of  code. 


production  was  held  at  a  comparatively  flat  level,  rel- 
atively free  from  wide  sea.sonal  fluctuations;  studies 
were  conducted  on  the  costs  of  crude  oil  production ;  ^° 
and  353  plans  for  the  orderly  development  of  new  pools 
were  approved.-' 

Returning  now  to  a  consideration  of  section  9  (c), 
the  gradual  increase  in  the  amount  of  crude  oil  pro- 
duced in  excess  of  allowables  during  the  summer  and 
fall  of  1934,  particularl}^  in  East  Texas,  where  the 
State  regulations  proved  inadequate  to  the  task  of 
restricting  production  to  conform  with  State  alloca- 
tions, proved  that  the  affidavit  system  as  a  method  of 
control  was  not  effective.  It  was  only  transitional  in 
the  development  of  certain  legal  x^rinciples  and  of  the 
tender  system  which  was  later  carried  into  the  Connally 
law.  Consequently,  the  affidavit  system  need  not  be 
analyzed  in  detail.--  When  this  system,  requiring  af- 
fidavits of  legality  with  shipments,  was  inaugurated, 
it  was  almost  immediately  attacked  and  made  inoper- 
ative by  a  decision  of  the  district  court,  but  a  decision 
of  the  court  of  appeals  upheld  the  power  of  the  Gov- 
ernment to  require  reports  and  the  validity  of  the 
section.  This  jiermitted  reestablislunent  of  Federal 
enforcement  in  East  Texas.  Despite  changes  made  in 
tlie  system,  "hot  oil"'  producers,  by  the  use  of  fraud- 
ulent affidavits  and  by  failing  to  make  them,  continued 
to  operate  in  violation  of  the  law.  Then,  too,  the  sys- 
tem was  inadequate  when  it  came  to  proving  violations 
in  the  courts;  this,  for  practical  purposes,  led  to  its 
abandonment  and  the  organization  of  the  Federal 
Tender  Board,  in  October  1934,  as  a  new  means  of  en- 
forcement. Under  the  regulations  of  the  Board,  cer- 
tificates of  clearance,  issued  by  the  Board,  were  re- 
quired as  a  condition  precedent  to  the  movement  of 
petroleum  and  petroleum  products  in  interstate  and 
foreign  commerce  out  of  East  Texas. 

The  tender  system,  which  in  its  mechanics  is  very 
much  like  a  banking  operation,  that  is,  the  establish- 
ment of  credit  and  withdrawal  against  the  deposit 
under  control  of  the  Board,  with  continuous  auditing 
of  accounts  and  field  operation,  worked  well  almost 
from  its  inception,  and  within  a  few  weeks  the  flow 
of  ''hot  oil"  was  definitely  on  the  decline. 

This  fir.st  Federal  Tender  Board  ceased  functioning 
January  7,  1935,  when  the  SuiDreme  Court  reversed 
the  decision  of  the  court  of  appeals  in  the  Panama  and 


™  See  Ifeport  of  the  Cost  of  Production  Crude  Petroleum,  published 
by  Petroleum  Administrative  Board,  Department  of  the  Interior, 
December  1935. 

^^  See  Operation  of  the  Xcw  Pool  Plans  of  Orderly  Derelopnient 
Under  the  Code  of  Fair  Competition  for  the  Petrnhum  Industru, 
published  by  Petroleum  Administrative  Board,  Department  of  the 
Interior,  April  1936. 

-For  further  details  see  Annual  Report  of  the  Secretari/  of  the 
Interior  for  the  year  ending  June  30,  1935. 
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Amazon  cases  and  declared  section  9  (c)  invalid  be- 
cause of  improper  delegation  of  lejnslativo  authority. 
The  opinion  of  the  Suj)renu>  Court  in  the  Panama 
and  Amazo-n  cases  furnished  the  basis  for  action  by 
Conjiress  in  the  attempt  to  stop  the  movement  in  inter- 
state and  foreign  commerce  of  oil  produced  or  with- 
drawn from  storage  in  violation  of  State  laws  or  regu- 
lations.   The  Court,  among  other  things,  said: 

Tlius  in  every  case  in  wliicli  tlie  question  has  been  raised,  the 
Court  has  recognized  that  there  arc  limits  of  delegation  whicli 
there  is  no  constitutional  authority  to  tnuiscend.  We  tliink 
that  section  9  (c)  goes  beyond  those  limits.  As  to  the  trans- 
portation of  oil  production  in  excess  of  State  permission,  the 
Congress  lias  declared  no  policy,  has  established  no  standard, 
has  laid  down  no  rule.  There  is  no  requirement,  no  definition 
of  circumstances  and  conditions  in  which  the  transportation 
is  to  be  allowed  or  prohibited. 

But,  in  creating  an  administrative  agency — 

the  legislature,  to  prevent  its  being  a  pure  delegation  of  legisla- 
tive power,  must  enjoin  upon  it  a  certain  course  of  procedure 
and  certain  rules  of  decision  In  the  performance  of  its  func- 
tion. It  is  a  wholesome  and  necessary  principle  that  such  an 
agency  must  pursue  the  procedure  and  rules  enjoined  and 
show  a  substantial  compliance  therewith  to  give  validity  to 
its  action     *     *     *. 

On  Jainiary  8.  19.3,5,  tJie  Oil  Administrator  an- 
nounced the  serious  setljack  siiirercd  in  the  Court's  ad- 
verse oiiinion  on  section  9  (c)  but  adili-d  that — 

The  decision  of  the  Court,  in  my  opinion,  emphasizes  the 
necessity  for  specific  and  adequate  legi.slation  to  effectuate  a 
rational  conservation  program  designed  to  prevent  the  waste  of 
oil  and  gas  resources  and  to  prevent  the  demoralization  of  one 
of  our  largest  basic  industries. 

Senator  Gore  on  Jaiinaiy  10  introduced  a  joint  reso- 
lution to  amend  section  9  of  the  N.  I.  R.  A.  and  on 
January  l-i  Senator  Connally  introduced  a  bill — 

To  regulate  interstate  and  foreign  commerce  in  pel  n ileum 
and  its  products  by  prohibiting  the  .shipment  in  such  com- 
merce of  petroleum  and  its  pr<iducts  produced  in  violation  of 
State  law  and  for  other  purposes. 

Congressman  Disney  introduced  a  bill  for  similar  pur- 
po.ses  in  the  House  on  Jamiary  10.  The  Gore  and 
Coinially  bills  were  redrafted  and  reintroduced  to  the 
Senate  on  .lanuarv  18  as  Senate  bill  1190.=' 


''Tlio  (lol).Tte  ill  the  Senate  on  tlie  bill  was  Reneially  legalistic  as 
to  the  constitutionality  of  leRislation  controlling  commerce  as  lietween 
the  States  (Conyres^ional  RccnrtI,  Jamiary  21  and  January  22,  1935). 
In  the  House  the  debate,  fortified  by  intimate  knowledge  of  the 
problems  of  the  oil  industry  as  a  result  of  the  retroleum  Investigation 
of  the  subcommittee  of  the  Committee  on  Interstate  and  Foreign  Com- 
merce on  H.  R.  441.  during  late  19.34,  was  more  strongly  directed  to 
the  question  of  why  it  was  necessary  for  the  Federal  Government  to 
cooiierate  with  the  oil  States  in  the  enforcement  of  State  conservation 
laws  and  the  need  of  conservation.  The  debate  in  the  House  also 
discloses  that  there  was  a  considerable  sentiment  for  more  comprehen- 
sive legi.slation  on  oil  conservation  than  that  covered  by  S.  1190, 
which  was  flie  bill  under  consideration.  {CongrensUnuiJ  R^'Cord, 
February  IS,  1935.) 


The  Annual  Report  of  the  Secretary  of  the  Interior 
carries  the  story  from  the  passage  of  the  Connally  law 
to  the  end  of  June  1935: 

On  February  2'J,  103."),  the  Connally  law  was  passed  by  the 
Congress,  eliminating  the  defects  found  by  the  t/ourt  in  section 
n  (e)  by  specifically  prohibiting  interstate  or  foreign  commerce 
in  hot  oil.  Federal  Tencler  Hoard  No.  1  was  established  under 
thi.'4  law  iin  March  1,  ltl3."),  and  shorlly  thereafter  Federal  re- 
troleum .\gency  No.  1  was  set  up  under  the  same  law  to  perform 
the  administrative  and  investigtilive  functions  in  connection 
with  the  applications  for  approved  tenders  filed  with  Federal 
Tender  Hoard  No.  1.  The  Federal  tender  system  has  func- 
tioned effectively  since  that  time  tind  has  prevented  any  sub- 
stantial movement  in  interstate  commerce  of  hot  oil  or  gaso- 
line out  of  Etist  Texas.  This  activity  not  only  tended  to  check 
overi>ro(luction  of  crtidc  petroleum  but  assisted  in  stabilizing 
the  interstate  refinery  markets  at  a  time  when  the  intrastate 
Texas  in;irkets  were  thoroughly  demoralized.  Several  attempts 
to  enjoin  the  activities  of  the  Board  have  been  attempted  with- 
out success. 

With  tlie  adverse  decision  of  the  United  States  Su- 
preme Court  in  the  Schechter  case  on  May  27,  1935,  the 
administration  of  the  Code  of  Fair  Competition  for  the 
Petroleum  Industry  terminated  and,  with  it,  the  sup- 
poiting  activities  of  that  code  in  oil  conservation.  The 
Petroleum  Administrative  Board,  which  hail  assisted 
the  Administrator  in  the  enforcement  of  the  code,  was 
I)romptly  reduced  to  a  group  that  completed  studies 
and  research  either  under  way  or  requested  by  the  Pres- 
ident, and  on  March  31,  1936,  its  duties  were  over. 

Since  the  Secretary  of  the  Interior,  as  Administrator 
of  the  Connally  law,  had  had  the  assistance  of  the 
Petroleum  Administrative  Board  during  its  existence 
in  the  administration  of  that  law,  he  established  the 
Petroleum  Conservation  Division  as  of  April  1,  1936, 
to  advise  and  assist  liim  in  the  enfoi'cement  of  the  act. 
The  l)i\isi(iii  is  also  authorized — 

to  di.scuss  the  work  of  any  agency  dealing  witli  oil  and  gas; 
recommend  action  <ni  any  case  brought  to  its  attention;  coor- 
dinate Information ;  and.  through  appropriate  channels,  act 
as  the  contact  agency  with  the  Interstate  Oil  Compact  Com- 
mission ;  present  reipiired  data  to  the  Congress ;  attend  oil  and 
gas  conferences  in  which  the  Department  is  interested ;  coop- 
erate with  the  oil-producing  States  iu  the  study  of  physical 
waste  and  the  ennrtinent  of  uniform  oil  and  gas  con.servation 
laws:  and  contact  other  departments  of  the  Government  whose 
work  deals  in  any  measure  with  oil  and  gas. 

While  the  Connally  law  is  applicable  in  any  State 
having  a  law  regulating  the  production  of  petroleum, 
to  date  the  tender  system  has  been  used  only  in  the 
East  Texas  oil  field  whei'e  it  has  been  found  to  be 
necessary. =  '  Without  elaborating  at  length  on  the 
problem  ])resented  by  the  I<2ast  Texas  oil  field,  it  should 
be  noted  in  passing  that  this  field  has  the  largest  poten- 
tial of  iniy  field  in  the  United  States  and  produces 
from  its  25,000  wells  approximately  170,000,000  barrels 


"  See  Executive  Order  No.  ""."JS.  December  2.  1937. 
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of  crude  oil  annually,  of  which  about  90  percent  moves 
from  the  field  to  the  Gulf  coast.  The  task  of  the 
Tender  Board  in  clearing  legal  oil  and  products  from 
the  field  involves  the  investigation  of  about  6,000 
applications  for  tenders  annually  at  a  cost  of  less  than 
one-tenth  of  a  cent  per  barrel. -°  Approval  has  been 
withheld  on  only  about  1  percent  of  the  oil  for  which 
apjilications  have  been  received,  which  would  seem  to 
indicate  that  the  system  is  so  thorough  that  applica- 
tions for  tenders  are  not  submitted  unless  the  applicant 
lias  a  reasonable  basis  for  assuming  the  legality  of  the 
oil  involved. 

Oil  fields  other  than  the  East  Texas  one  are  under 
constant  observation  by  investigators  of  the  Tender 
Board  and  the  Petroleum  Conservation  Division  and 
no  crude  petroleum  or  petroleum  products  are  per- 
mitted legal  shipment  from  the  Gulf  coast  (Texas  and 
Louisiana)  without  reports  -**  to  the  Conservation  Divi- 
sion concerning  the  origin  and  State  orders  under 
which  it  moves. 

The  Connally  law,  which  was  to  have  expired  by 
limitation  on  June  16,  1937,  was  extended  by  amend- 
ment (Public,  Xo.  115,  75th  Cong.,  1st  sess.,  S.  790)  to 
Jime  30,  1939. 

The  operation  of  the  Connally  law  has  demonstrated 
a  method  by  which  the  State  and  Federal  Governments 
may  work  together  to  prevent  the  waste  of  i^etroleum 
resources  and  increase  the  ultimate  recovery  of  oil.-^ 
In  East  Texas  alone  this  method  of  joint  action  by  the 
State  and  Federal  agencies  is  said  to  have  raised  the 
estimates  of  the  recovery  of  oil  from  the  field  at  least 
30  percent.  Such  an  increase  would  amount  to  about 
600,000,000  barrels,  which  would  be  equal  to  the  dis- 
covery of  60  average  oil  fields. 

The  Connally  law  has  been  criticized  by  two  groups, 
those  who  want  unrestricted  production  and  those  who 
take  almost  the  opposite  position  and  advocate  a  law 
providing  for  Federal  control.  Those  who  want  un- 
restricted production  charge  that  the  law  is  monopo- 
listic in  character  and  inimical  to  the  interests  of  small 


2^  For  details  of  op?ia(inB.  seP  Annual  Riport  of  the  Secretary  of 
the  Interior  for  the  years  19SC  and  3937. 

=^°  Executive  Order   No.    7757.   regulation   XVIII. 

''For  a  more  detailed  discussion,  see  the  statement  of  the  Secretary 
of  the  Interior  at  the  Senate  hearings  on  the  extension  of  the  law. 
Hearings  before  a  subcommittee  of  the  Committee  on  Finance,  V.  S. 
Senate,  75th  Cong.,  1st  sess.,  S.  790   (p.  7). 


refiners  and  noiiintegrated  marketers.  Pending  an  une- 
quivocal legal  interpretation  of  the  word  "monopoly," 
it  is  perhaps  fair  to  say  that  the  word  generally  car- 
ries with  it  the  idea  of  an  exclusive  right  of  selling  or 
purchasing  or  controlling  the  supply  of  a  given  com- 
modity or  service  in  a  given  market,  which  enables  the 
one  having  the  control  to  raise  the  price  of  the  commod- 
ity or  service  above  the  price  fixed  by  free  competition. 
The  Connally  law  has  destroyed  no  element  of  fair 
competition  that  existed  prior  to  its  passage.  No  State 
has  appeared  sufficiently  self-effacing  to  remove  itself 
from  the  urge  to  meet  mai'ket  demand,  and  no  company 
has  decided  that  it  does  not  want  more  volume.  The 
price  of  petroleum  has  been  both  highei-  and  lower  dur- 
ing the  period  of  the  law  than  it  was  prior  to  its  enact- 
ment. The  law  has  made  it  difficult  and  nearlj'  im- 
possible for  i-efiners  to  get  "hot  oil"  and  for  marketers 
to  get  products  manufactured  from  "hot  oil,"  and  to 
that  extent  it  has  a  stabilizing  influence,  but  it  has  not 
eliminated  the  competitive  advantages  as  between 
oil-producing  regions — quality,  cost  of  production,  and 
position  with  respect  to  markets.  Because  refiners  and 
marketers  have  not  been  able  to  soh'e  their  problems  by 
resort  to  the  Connally  law,  it  does  not  follow  tliat  their 
problems  are  the  outgrowth  of  the  law,  for  they  are 
essentially  the  same  as  they  \\ere  before  the  passage  of 
the  act. 

Those  who  think  the  law  should  be  replaced  by  one 
establishing  Government  control  argue  that  the  States 
are  not  capable  of  handling  the  problem.  This  point 
of  view  is  not  accepted  by  any  large  number  of  the 
industry  and  is  strongly  opposed  by  practically  all  of 
the  oil-producing  States. 

During  the  past  three  years,  the  States  and  the  Fed- 
eral Government,  working  together,  have  gradually 
evolved  the  basic  principles  of  a  procedure  for  oil  con- 
servation. It  is  the  opinion  of  the  Secretary  of  the 
Interior,  as  stated  in  his  telegram  to  the  Chairman  of 
the  Interstate  Oil  Compact  Commission,  July  28,  1938, 
that 

If  the  ground  wliifh  has  so  effectively  l)eeii  fiainetl  is  not  to  be 
lost,  we  soon  must  be  preparett  to  utilize  this  experience  in 
inaliiug  recommendations  as  to  future  action  wliich  .should  lead 
ultimately  to  the  establishment  of  a  permanent  oil  conservation 
policy  for  the  United  States,  based  on  mutual  respect  for  our 
separate  and  joint  responsibilities  and  having  the  prime  pur- 
pose of  assuring  an  adequate  supply  of  oil  at  reasonable  prices. 


PART  FOUR— SECTION  III 

PETROLEUM  PRODUCTION—  EXPERIENCE  OF  THE  STATES  IN 
CONTROL  AND  CONSERVATION  MEASURES 


CHAPTER  I. 


-THE  INTERSTATE  OIL  COMPACT 

By  John  \V.  Frcy  • 


Tlie  interstate  compact  to  conserve  oil  and  <ras  was 
executed  in  Dallas.  Tex.,  February  16,  1!);35,  and  was 
siil)sei[uently  ratified  by  tlie  States  of  New  Mexico.  Kan- 
sas, Oklahoma,  Illinois,  Colorado,  and  Texas. 

The  declared  ])uri)ose  (art.  II)  of  tliis  a<ri"epnient 
between  the  compact injr  States  is — 

to  conserve  oil  and  gas  by  prevention  of  physical  waste  thereof 
from  any  cause. 

Each  state  agreed  (art.  Ill)  that  within  a  reasonable 
time  it  would  enact  laws,  or  if  enacted  to  continue  the 
same  in  force — 

to  accomplish  within  rcasoiialile  limits  the  prevention  of^ 
(o)   The  operation  of  any  oil  well  witli  an  in(>ffieient  gas-oil 

ratio. 

(6)   'I'lie   drowning   with    water   of   iiny   slratum   capable   of 

producing  oil  or  gas,  or  both  oil  and  gas,  in  paying  quantities. 

(c)  The  avoidable  escape  into  the  open  air  or  the  wasteful 
burning  of  gas  from  a  natural-gas  well. 

(d)  The  creation  of  unnecessary  fire  hazards. 

(e)  The  drilling,  equipping,  locating,  spacing,  or  operating  of 
a  well  or  wells  so  as  to  bring  about  pliysical  waste  of  oil  or  gas 
or  loss  in  the  \iltimate  recovery  thereof. 

(/)  Tlie  inefficient,  excessive,  or  improper  use  of  the  reservoir 
energy  in  producing  any  well. 

In  article  IV,  the  States  agreed  to  deny  access  to  com- 
merce to  oil  produced  in  violation  of  State  conservation 
laws  and  to  provide  penalties  for  the  wjiste  of  oil  or  gas. 

Article  V  provides: 

It  is  not  the  purpose  of  this  coinpact  to  authorize  the  States 
joining  herein  to  limit  the  production  of  oil  or  gas  for  the  pur- 
pose of  stabilizing  or  fixing  the  price  thereof,  or  create  or  per- 
IK'tuate  monopoly,  or  to  i)romote  regimentation,  but  is  limited  to 
the  purpo.se  of  conserving  oil  and  gas  and  preventing  the  avoid- 
able waste  thereof  within  rea.sonable  limitations. 

Article  VI  provides  for  a  commission  with  the  duties 
of  making  inquiries  concerning  the  conservation  and 
prevention  of  the  physical  waste  of  oil  and  gas,  to  rec- 
ommend the  coordination  of  the  exercise  of  the  police 
power  of  the  several  States  to  promote  the  maxinunn 
ultimate  recovery  from  the  petroleum  reserves,  and  to 
recommend  measures  for  the  maxiniuni  ultimate  re- 
covery of  oil  and  gas. 

The  idea  of  an  interstate  compact  on  oil  more  com- 
prehensive than  the  compact  now  in  force  was  brought 


•.\sso«'iate  Dir^-ctor.   Petroleum   Conservation  Division.   Ottice  of   tlie 
Secretary  of  the  Interior. 


to  the  attention  of  the  oil  producing  States  in  1932  by 
the  Secretary  of  the  Interior,  wlio  was  also  the  chair- 
man of  the  Federal  Oil  Conservation  Board,  and  in  1935 
thti  subcommittee  of  the  Committee  on  Interstate  and 
Foreign  Commerce  of  the  House  of  Representatives, 
which  investigated  the  oil  industry  under  House  bill 
J41  during  1934,  encoiu-aged  the  formation  of  a  compact. 

At  a  meeting  of  Governors  and  Governors-elect  and 
representatives  of  Governors,  held  at  Ponca  City,  Okla., 
December  3.  1934,  various  resolutions  looking  to  the 
formation  of  an  interstate  oil  compact  were  offered. 
The  original  resolution  introduced  at  the  second  meet- 
ing, January  3,  1935,  reconmiendcd  the  enactment  of 
Federal  legislation  that  would  have  (1)  created  a  Fed- 
eral fact-finding  agency  to  determine  the  demand  for 
petroleiun  and  the  allocation  of  ie(|uired  domestic  pro- 
duction to  the  States,  (2)  authorized  a  Federal  agency 
to  restrict  imports  in  accordance  with  tlie  findings  of 
the  fact-finding  agency,  (3)  authorized  a  Federal 
agenc}'  to  prevent  the  movement  of  oil  produced  in  vio- 
lation of  State  laws,  and  (4)  made  possil)le  an  inter- 
state agreement  whereby  the  States  would  imdertake 
(a)  to  ])articipate  in  the  joint  fact-finding  agency,  (b) 
to  receive  and  consider  the  agency's  findings  and  to 
make  them  effective  within  the  States,  and  (c)  to  co- 
operate in  the  study  and  recommendation  of  uniform 
conservation  laws  and  regulations.  This  resolution  was 
fiivored  by  California,  New  Mexico,  Kansas,  Oklahoma, 
and  Illinois,  but  was  not  acceptable  to  Arkansas,  Louisi- 
ana, and  Texas.  The  Texas  representatives  at  the  con- 
ference expressed  the  thought  that  the  compact  should 
(1)  be  permissive  only,  (2)  confine  the  States  to  the 
consideration  of  conservation  (prevention  of  physical 
waste  of  natural  resomx-es),  (3)  recognize  that  the  right 
to  control  the  production  of  crude  petroleum  is  a  matter 
exclusively  within  the  jurisdiction  of  the  several  i)ro- 
ducing  States,  and  (4)  specifically  prohibit  the  States 
from  entering  into  any  compact  which  has  as  its  pur- 
pose price  fixing,  the  creation  of  or  perpetration  of 
monopoly  or  regimeiUation. 

Failing"  complete  agreement  at  the  second  meeting,  a 
third  and  successful  attempt  at  the  formulation  of  a 
compact  was  made  at  Dallas,  Tex..  February  15  and  16, 
1935.     This  compact  was  ratified  by  New  Mexico  in 
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February,  by  Kansas  and  Oklalioma  in  March,  by  Texas 
and  Colorado  in  April,  and  by  Illinois  in  July.  Since 
the  compact  could  become  effective  by  the  consent  of 
Congress  after  three  States  had  ratified,  the  compact 
was  submitted  to  the  Federal  Govei-nment  for  approval 
during  April. 

The  subconunittee  of  the  Committee  on  Interstate  and 
Foreign  Conunerce  of  the  House,  -niiich  had  conducted 
the  petroleum  investigation  under  House  bill  441  during 
late  1934  and  early  1935,  did  not  submit  a  complete  re- 
port until  the  Committee  on  Interstate  and  ForeigTi 
Commerce  reported  on  House  bill  9053,  August  13, 1935. 
That  bill  contemplated,  (1)  the  consent  of  Congi-ess  to 
the  State  Oil  and  Gas  Compact,  and  {•!)  the  establish- 
ment of  a  Petroleum  Administrative  Board  to  collect 
data  on  the  petroleum  industry,  to  study  and  investigate 
mattei's  relating  to  the  petroleum  industry,  to  determine 
periodically  the  reasonable  market  demand  for  petro- 
leum and  that  part  which  should  be  produced  in  each 
State,  to  administer  the  act  of  February  22,  1935,  49 
Stat.  30  (the  so-called  Connally  "hot  oil"  law),  to  make 
determinations  concerning  conditions  of  import  and 
recommendations  concei'ning  import  control  wliich  was 
vested  in  the  President,  and  to  consolidate  the  Federal 
activities  relating  to  oil.  This  bill  also  contemplated 
the  formulation  of  voluntary  agi-eements  between  mem- 
bers of  the  petroleum  industry  with  the  assistance  of 
the  Board  and  the  consent  of  the  President. 

In  commenting  on  the  compact  phase  of  the  bill,  the 
committee  said  (Report  No.  1801,  75th  Cong.,  1st  sess.)  : 

We  strongly  urge  upon  tho  oil-protluehig  States  the  adoption 
of  State  compacts  to  deal  with  the  problems  of  the  production 
of  petroleum  with  which  individual  J^tates  are  powerless  to  cope. 
The  subcommittee  clearly  recognizes  the  priueiiiles  of  State 
compacts  for  the  purpose  of  effecting  a  common  end  of  State 
interests.  «  *  *  State  compacts,  flexible  in  operation  and 
over  which  the  President  of  the  United  States  or  a  Federal 
agency  in  the  interest  of  the  consuming  masses  of  the  Nation, 
may  hold  some  veto  power,  is  a  solution  of  those  problems  of 
petroleum  production  which  cannot  be  solved  by  modificatiou  of 
the  "law  of  capture"  and  other  legislation  operating  within  State 
boundaries.  We  are  confident  that  the  Governors  of  the  oil- 
producing  States  and  the  majority  of  the  industry  within  tho.se 
States,  are  cognizant  of  the  common-sense  theory  that  waste  of 
petroleum  resources  must  be  prevented. 

Public  Resolution  No.  64  of  the  Seventy-fourth  Con- 
gress, approved  August  27, 1935,  included  only  that  por- 
tion of  the  bill  which  consented  to  the  Compact. 

The  Compact,  l)y  its  own  terms,  was  to  be  of  2  years' 
duration,  expiring  by  limitation  on  September  1,  1937, 
although  any  member  State  was  permitted  to  withdraw 
upon  60  days'  notice.  None  of  the  member  States  has 
withdrawn  and  the  legislature  of  each  and  Congress 
(Pub.  Res.  No.  57,  75th  Cong.)  have  ratified  the  exten- 
sicm  of  the  Compact  to  September  1.  1939. 


Conformity  to  the  conditions  of  the  Compact  has  not 
been  uniform  on  the  part  of  member  States.  Kansas, 
New  Mexico,  and  Oklahoma,  prior  to  the  approval  of 
the  Compact,  enacted  permanent  legislation  which  meets 
substantially  the  requirements  of  article  III  to  prevent 
the  operation  of  any  oil  well  with  an  inefficient  gas-oil 
ratio,  excessive  or  improper  u.se  of  reservoir  eiiergj'  in 
producing  a  well,  and  other  eninnerated  causes  of  physi- 
cal waste.  The  State  of  Texas  has  continued  legislation 
until  September  1, 1939,  in  conformity  with  that  article. 
The  conservation  statutes  of  Colorado  and  Illinois 
(which  do  not  have  expiration  dates)  only  partially 
meet  the  conditions  of  article  III.  In  other  oil- 
producing  States,  not  members  of  the  Compact,  oil  and 
gas  conservation  statutes  in  conformity  with  tlie  princi- 
ples of  article  III  have  received  attention.  In  Louisiana 
a  conservation  law  was  passed  in  July  1936,  but  in  Cali- 
fornia, Michigan,  Mississippi,  and  Arkansas  proposed 
legislation  was  not  enacted.  Arkansas  established  a 
Board  of  Conservation  under  Act  234  of  the  General 
Assembl}-  (1933)  and  has  applied  that  authority  to  the 
regulation  of  oil  production. 

Under  the  terms  of  article  IV,  oil  produced  in  viola- 
tion of  State  laws  or  orders  was  to  be  denied  access  to 
commerce,  and  stringent  penalties  against  the  waste  of 
oil  and  gas  were  to  be  imposed.  These  conditions  have 
been  met  by  New  Mexico.  Kansas,  and  Texas,  but  Col- 
orado, Illinois,  and  Oklahoma  have  not  fidly  met  them. 
The  statutes  of  Louisiana,  a  nonmember  State,  conform 
to  the  article. 

The  Compact  specifically  provides  in  article  V  that  it 
is  contrary  to  its  purpose  to  limit  the  production  of  oil 
or  gas  for  the  purpose  of  stabilizing  or  fixing  the  price 
or  to  create  or  perpetrate  monopoly  or  to  promote  regi- 
mentation. The  transcripts  of  the  meetings  of  the 
Interstate  Oil  Compact  Commission  reveal  no  action 
taken  by  the  Commission  contrary  to  these  restrictions. 

Although  no  mention  is  made  in  the  Compact  of  the 
allocation  of  petroleum  production  as  between  the  com- 
pacting States,  the  Texas  Senate  on  May  7, 1937,  shortly 
after  the  ratification  of  the  extension  of  the  Compact, 
adopted  a  resolution  authorizing  the  Governor  of  Texas 
to  cancel  and  annul  Texas  membership  in  the  Compact 
at  any  time  that  State  is  not  allotted  its  reasonable  and 
proportionate  share  of  the  production  of  oil. 

The  organization  of  the  Compact  Commission  was 
effected  at  the  meetings  of  September  12  and  October 
11, 1935,  at  which  four  permanent  committees,  (1)  con- 
servation, (2)  coordination,  (3)  consumption,  and  (4) 
imports  and  exports,  were  api^ointed. 

The  duties  of  the  Committee  on  Conservation — 

shall  be  to  make  a  study  of  the  most  imiiroved  methods  for 
the  conservation  of  oil  and  gas  resources,  of  the  conservation 
statutes  of  the  various  States  and  of  the  means  and  methods  of 


Energy  Resources  and  National  Policy 


399 


administering  thi'ni,  .iiiil  from  time  to  time  to  ri'iwrt  tliorcon, 
with  such  pertinont  fjicts  and  siifrni'^tions  as  it  bolievi's  may  be 
iK'lpful  to  the  ConiniissioM  in  formulating  recommendations  to 
the  various  States  in  tlie  matter  of  conservation. 

Tliis  committee,  siihsetiiient  to  a  prelimiiiafv  report,  lias 
devoted  most  of  its  etVorts  to  the  initiation  of  a  com- 
pilation and  codification  of  the  conservation  laws  and 
refrnhitions  of  tlie  various  oil  and  pas  producin<r  States. 
At  the  meeting  of  March  13,  11)36,  the  committee  re- 
ported on  a  study  ("Indexes*')  of  the  oil  and  gas  hiws 
of  19  oil  producing  States  that  had  heen  made  hy  a 
subcommittee.  A  sunnnary  statement  covering  the 
matters  which  the  subconunittee,  after  studying  these 
laws,  considered  of  <rreatest  imjiortance  to  the  cause  of 
conservation  was  presented  uniler  the  title  ''Need  of 
Conservation  Legislation."  Among  other  things,  this 
report  pointed  out  that  — 

conservation  has  lieen  restricted  and  lianipered  liy  failure  to 
have  more  uniform  .state  laws  and  regulations — 

and  suggested  that — 

legislatures  should  authorize  their  State  TJeguIatory  Agency 
to  cooperate  with  similar  Agencies  of  adjoining  States  for  con- 
servation purposes  in  all  fields  crossing  State  lines. 

Other  subjects  connnented  on  were:  effects  of  pid)lic 
opinion,  conservation  of  reservoir  energy,  well  spacing, 
drilling  control,  drilling  regulations,  unit  ojieration, 
proration,  ratable  taking,  determination  of  allowable, 
and  repressuring.  Tlie  Department  of  the  Interior, 
through  the  Petroleum  Conservation  Division,  cooper- 
ated with  the  conunittee  in  the  pr('|)aralion  of  the 
Indexes. 

A  progress  report  and  a  tentative  "comparison  of 
the  oil  and  gas  laws  ("iO  Slates  and  I".  S.  Public 
Lands)"  was  presented  at  the  meeting  of  July  31,  1936. 
At  the  meeting  of  October  2,  1936,  it  was  reported  tliat 
the  committee  had  not  been  able  to  make  very  much 
l^rogress  in  the  codification  of  the  conservation  laws  and 
regidations  of  the  various  oil  and  gas  producing  States, 
as  it  was  handicapped  by  lack  of  funds  to  carry  on  the 
work  expeditious!}-.  The  committee,  at  the  tneeting  of 
December  1.  1936.  reported  its  expectation  of  being  able 
to  prosecute  a  little  more  vigorously  its  compilation  and 
codification  of  the  conservation  kiws. 

The  Conunittee  on  Coordination  at  the  organizing 
meeting  was  assigned  ibe  duty — 

(1)  to  ascertain  as  accurately  as  possible  the  aggregate 
potential  production  of  either  oil  or  gas,  or  both,  of  each  mem- 
ber State,  and  the  percentage  thereof  actually  being  produced; 

(2)  to  report  periodically  as  often  as  the  Commission  may 
direct,  an  estimate  of  the  proven  petroleum  reserves,  Inchiding 
the  above  ground  storage,  for  the  I'nited  States,  together  with 
a  statement  of  the  method  and  manner  of  preparing  such  esti- 
mates; and  (.3)  to  recommend  plans  whereby  the  i)roducing 
ability  of  wells  may  be  more  correctly  and  uniformly  determined 
among  the  member  .States  and  incorrect  estimates  of  w<'ll  poten- 
tials eliminated  as  far  as  possible. 


At  the  meeting  of  March  13,  1936,  this  committee 
submitted  a  provisional  report  on  potentials  and  a  com- 
l)arison  of  the  Federal  recommended  market  denuind 
with  the  potentials.  AVhile  there  is  no  evidence  in  the 
reports  of  subsequent  meetings  that  other  reports  on 
potentials  were  prepared  by  the  committee,  the  Gov- 
ernor of  Oklahoma  has  had  two  reports  jnepared  on 
his  own  initiative,  the  so-called  McCoy  estimates,  imder 
the  dates  January  6, 1938,  and  September  6, 1938,  which 
he  has  gi\en  to  oflicials  of  the  oil-])roducing  States  for 
their  consideration. 

At  the  meeting  of  July  31,  1936,  the  Commission 
adopted  a  resolution  of  this  committee  recitnnnending 
that  the  Department  of  the  Interior,  ptu'suant  to  the 
Connally  Law,  should  continue  to  collect  and  distribute 
to  Slate  enforcement  agencies  ciu'rent  information  on 
tiiidvcr  and  barge  shii>ments  of  crude  petroleum  or 
petiiileuiii  products  in  interstate  commerce.  Such 
ri'ports,  to  the  extent  which  may  [u-ove  practical,  should 
provide  information  which  will  permit  State  and  ¥q<X- 
eral  administrative  officials  to  make  certain  that  crude 
petroleum,  or  ]ietroleuin  i)r()ducls  offered  for  shipment, 
was  not  produced,  withdrawn  from  storage,  or  trans- 
ported in  excess  of  the  amounts  permitted  under  tlu' 
laws  of  the  Stitte  in  which  said  petroleum  was  proiluced. 
At  the  meeting  of  October  '2,  1936,  this  conunittee  re- 
ported that  the  Conservation  Commission  of  Louisiana 
(not  a  member  of  the  Compact)  and  the  Railroad  Com- 
mission of  Texas  were — 

working  in  perfect  harmony  in  the  iirevention  of  actual  physical 
waste — 

in  the  Rodessa  Field,  which  at  that  time  was  about 
equally  active  in  the  two  States. 

The  third  committee,  the  Committee  on  Consumi>tion, 
was  given  the  responsibility — 

to  study  and  report  upon  the  methods  used  in  determining  the 
current  consumption  and  demand  for  petroleum  and  petroleum 
products,  or  of  gas,  including  the  methods  used  by  the  Bureau 
of  Mines,  with  a  view  to  promoting  accuracy  in  estimates  of 
market  or  consumption  demands. 

At  the  Compact  meeting  December  13,  193.),  a  resolu- 
tion  was  adopted  in  which  it  was  recommended  to  the 
regiilatniy  bodies  of  all  the  oil  producing  States  that 
they  receive  in  evidenci-  the  periodical  findings  of  the 
United  States  Bureau  of  Mines  with  reference  to  con- 
&uiui)tion  and  supply  and  demand,  and  that  this  evi- 
dence be  given  proper  and  due  consideration  by  the 
State  regulatory  bodies. 

Representatives  of  the  conunittee  from  Texas,  New 
Mexico,  Oklahoma,  and  Kansas  conferred  with  the  Bu- 
reau of  Mines  January  7  aiul  8,  1936 — 

In  order  to  give  the  Commission  a  better  understanding  of  the 
methods  of  compiling  the  Bureau  of  Mines  statistics  and  the 
making  up  of  their  estinnites. 
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In  reporting,  March  13,  1936,  the  committee  states  it 
was — 

convinced  tliat  the  statistical  methods  by  the  Bureau  are  souud 
in  principle  and  are  applied  in  an  impartial  manner.  We  feel 
it  is  highly  essential  that  this  work  go  forward  in  the  hands  of 
iin  unbiased  fact-finding  agency  like  the  Bureau  of  Mines,  and 
that  it  be  adequately  financed  and  in  a  manner  that  will  keep 
it  free  from  influeuces  that  wuuld  detract  from  its  accuracy 
and  impartiality. 

Ill  the  conference  it  was  pointed  ont  that  tlie  deter- 
mination of  the  proper  witlidrawals  from  and  additions 
to  crude  oil  in  storage  was  one  of  tlie  most  troublesome 
features  of  the  Bureau's  forecast  work,  largely  because 
of  inadequate  data  on  stocks.  An  outgrowth  of  discus 
.sion  on  this  subject  led  to  a  recommendation  that  tlie 
Bureau  of  Mines  make  a  study  to  cover — ■ 

biitli  the  eciiuomic  and  technical  phases,  so  that  the  final  report 
would  show,  not  onl.v  the  aetual  stocks  and  desirable  stock  levels 
in  the  various  States,  but  also  breakdowns  according  to  grades 
of  oil  as  determined  by  measurements  of  gravity  and  liy  dis- 
tillation analysi.s. 

Representatives  of  tlie  Compact  Commission  and 
others  interested  in  the  oil  industry  presented  the  mat- 
ter before  a  subcommittee  of  the  House  Committee  on 
Appropriations,  and  the  Seventy-fourth  Congress  pro- 
vided the  funds  for  the  Bureau  of  Mines  to  make  a  sur- 
vey of  the  crude  oil  held  in  storage  above  ground  and  to 
determine  the  cpiantities  and  characteristics  of  the  light 
fractions  contained  in  the  various  stocks.  A  prelimi- 
nary report  on  the  Bureau's  findings  was  made  at  the 
Compact  Commission  meeting  July  lii,  19-J7,  and  the 
complete  report  was  released  at  the  Compact  Commis- 
sion meeting  September  29,  1938. 

The  fourth  of  the  original  committees  was  charged 
with  the  duty  ''to  make  a  study  of  the  question  of 
imports  and  exports."'  From  the  record  of  meetings  it 
appears  that  this  committee  has  made  only  one  report. 
December  13,  1935,  which  stated — 

imports  of  petroleum  have  a  very  important  influence  on  the 
domestic  situation,  and  therefore  must  be  taken  into  account  In 
phuniing  the  proper  conservation  and  development  of  the  petro- 
leum industry.  We  find  that  large  imports  are  quite  sure  to 
have  a  harmful  effect  on  the  domestic  situation  by  preventing 
the  normal  and  efficient  development  and  conservation  thereof. 
We  believe  the  ideal  for  which  the  Interstate  Comiiact  Commis- 
sion is  working  is  to  conserve  the  petroleum  resources  of  this 
country  to  the  end  that  there  shall  be,  for  the  longest  possible 
time  In  the  future,  an  abundant  supply  of  petroleum  in  the 
nation  at  a  reasonable  cost  to  the  consumer. 

From  the  organization  meeting  of  October  11,  1935, 
the  four  committees  described  were  not  increased  until 
the  meeting  of  April  29,  1938,  when  an  Advisory  Com- 
mittee on  Economics  and  a  Committee  for  Forecasting 
Market  Demand  were  appointed.  Both  of  these  com- 
mittees reported  to  the  Compact  Commission  meeting 


July  29, 1938,  the  first  primarily  on  economic  conditions 
and  objectives  of  the  oil  industry,  the  other  on  an 
analysis  of  the  Bureau  of  Mines"  method  of  forecasting. 

Considering  the  action  of  the  Compact  Commission 
as  a  whole  it  may  be  said  that  it  has  afforded  an  op- 
portunity for  broadening  the  interest  of  State  officials, 
the  oil  industry,  and,  to  an  extent,  the  public  in  true 
conservation.  The  quarterly  meetings,  with  their  open 
forum  of  representatives  of  the  State  governments  and 
the  industry,  uiidouljtedly  have  accomplished  much  in 
the  way  of  creating  understanding  of  the  problems  of 
administration  and  enforcement  of  the  State  conserva- 
tion laws,  on  the  one  hand,  and  of  problems  of  the  in- 
dustry, on  tlie  other.  It  is,  liowever,  difficidt  to  measure 
the  value  of  sucli  contacts  in  anything  but  a  qualita- 
tive way.  While  no  mechanism  exists  in  the  compact 
to  allocate  the  demand  for  petroleum  as  between  the 
member  States,  it  is  entirely  possible  that  the  informal 
association  of  State  officials  dealing  with  common  prob- 
lems exerts  some  influence  in  each  State  in  the  deter- 
mination of  its  total  allowable. 

The  Compact  has  provided  a  mechanism  that  should 
contribute  to  the  conservation  of  oil  and  gas;  although 
not  as  much  has  been  done  in  this  direction  as  might 
have  been  hoped,  the  educative  process  has  been  con- 
tinuous and  probably  not  without  desirable  conse- 
quences. The  Compact  is  not  a  panacea  for  the  industry 
in  all  of  its  economic  ramifications,  and  such  was  not 
its  justification;  yet  in  general,  to  date,  it  ajipears  tliat 
there  has  been  greater  stability  in  the  production 
branch  of  the  industry  than  in  refining  or  marketing. 
That  the  economic  ills  of  refining  and  marketing  are 
traceable  in  part  to  the  operation  of  the  Compact  is  a 
claim  made  in  certain  quarters.  If  the  Compact  were 
considered  as  an  instrument  for  securing  economic  sta- 
bility, which,  incidentally,  is  denied  b}'  its  own  lan- 
guage, it  would  have  to  rest  on  the  theory  that  to  con- 
trol jDroduction  would  automatically  control  all  the 
other  branches  of  the  industry.  This  concept  is  ob- 
viously delusive,  as  there  is  in  the  Compact  no  provision 
for  a  buffer  to  prevent  disturbances  in  marketing  or  re- 
fining from  ultimately  affecting  the  economics  of  pro- 
duction. 

Several  member  States  and  some  critics  in  no  way  con- 
nected with  the  Compact  have  registered  complaints 
against  the  Compact  because  it  has  "no  teeth,'"  that  is, 
nothing  to  compel  member  or  nonmember  States  to  fol- 
low recommendations  of  the  Commission.  This  argu- 
ment is  usually  met  by  the  statement  that  the  Compact 
is  not  intended  to  and  cannot  supersede  the  sovereignty 
of  the  State  and  that  the  basic  principle  is  not  coercion 
but  cooperation.  The  same  answer  is  used  when  the 
criticism  is  made  that  the  Federal  Government  should 
be  a  member  of  the  Compact,  only  in  this  case  a  state- 
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ment  is  added  to  the  effect  that  tlic  police  powci-  i-^  where 
it  should  be,  within  the  State. 

Some  producers  maintain  that  tlie  Compact  is  re- 
sponsible for  their  allowables  not  beinp  "what  they 
should  be."  To  the  extent  to  which  inequities  may  exist 
either  within  a  State  or  as  Ijetween  one  and  other  States, 
this  criticism  is  of  doubtful  merit,  as  the  member  States 
have  not  agreed  to  any  system  of  allowables  and,  obvi- 


ously, the  Compact   is  without   force   in   nonmember 
States. 

The  real  test  of  the  Compact  is  not  deilucible  from 
economic  conditions  within  the  industry  but  from  the 
extent  to  which  it  has  succeeded  in  the  pi-evention  of 
physical  waste,  an  objective  wliich  it  had  specifically 
delef!:ated  to  itself.  In  the  realization  of  this  objective 
much  remains  to  be  done. 


CHAPTER  2.— THE  BIREAU  OF  MINES  FORECASTS  OF  DEM.VNU  FOR  3I0T0R 

FUEL  AND  CRIDE  OIL 

.\lfred  G.  White* 


For  many  years  the  relation  between  petroleum  sup- 
ply and  demand  has  been  recognized  as  a  matter  of 
primary  national  concern. 

A  study  of  the  history  of  State  oil  conservation  laws 
and  of  tlie  operation  of  State  enforcement,  agencies  in- 
dicates clearly  the  evolution  of  the  concept  of  prevent- 
ing physical  waste  b\-  maintaining  a  reasonable  balance 
between  current  production  and  market  demand  for 
crude  petroleum. 

The  pi'evention  of  excessive  and  jireniature  flush  pi-o- 
duction  from  new  fields  maintains  essential  gas  pres- 
sure, lengthens  the  producing  life  of -the  wells,  increases 
the  volume  of  ultimate  recovei'v,  and  avoids  unneces- 
sary   and  wasteful  surface  storage  of  crude  jjetroleum. 

Improvements  in  above-ground  storage  facilities  have 
reduced  evaporation  losses,  but  substantial  waste  still 
exists,  even  under  the  best  conditions,  and  indicates  the 
desirability  of  the  policy  of  holding  reserves  under 
ground  until  needed. 

Tlie  tremendous  increase  in  the  demand  for  petroleum 
products  luis  emphasized  the  relative  inadequacy  of  our 
national  reserves  and  the  need  for  maintaining  an  eco- 
nomic balance  between  the  flow  of  raw  materials  and 
the  sale  of  finished  products  in  the  oil  industry.  As  a 
result,  intensive  studies  have  been  made  of  tlie  longer- 
term  trends  of  demand  as  well  as  of  the  adjustment  of 
supply  to  meet  current  i'e((uirements. 

The  first  forecasts  of  gasoline  demand  and  crude-oil 
requirements  were  initiated  by  the  Federal  Oil  Conser- 
vation Board  in  1930.  1931,  and  1932.  These  f(U-ecasts 
covered  periods  of  either  3  or  6  months  and  were  pre- 
pared by  voluntary  committees  with  which  the  Bureau 
of  Mines  actively  cooperated.  Tliey  were  intended  as  a 
guide  to  assist  in  a  i)roper  national  balance  between  pro- 
duction and  consumption  in  the  interests  of  conser- 
vation. 


•Chief  Economist,  rptroleiim  Economics  Division.  Bureau  of  Mines, 
Department  of  tlie  Interior. 


In  the  latter  pai't  of  August  1933  the  reti-oleuin 
Economics  Division  of  the  Bureau  of  Mines  began  su])- 
pljing  basic  statistical  data  to  the  Petroleum  Adminis- 
trative Board  for  use  in  deteimining  the  allocation  to  the 
States  of  the  allowable  quantities  of  crude  oil  to  be 
produced  under  the  operation  of  the  petroleum  code, 
functioning  under  the  provisions  of  the  National  Indus- 
trial Recovery  Act.  This  cooperation  continued  until 
the  Supreme  Court's  decision  of  May  27.  1935.  termi- 
nated the  effective  operation  of  the  code. 

During  this  period  the  scope  of  the  statistical  woik  of 
the  Petroleum  P>on()mics  Division  was  exi)anded  to  in- 
clude such  additional  current  data  as  were  necessary  to 
project  current  consumption  trends  in  the  oil  industi-y. 
Si)ecifically.  the  following  features  were  involved  in  this 
statistical  service: 

A  monthly  report  showing  cnuk*  nuis  to  stills,  c-ruile-oil  move- 
ments both  interstate  and  intrastate,  and  a  division  of  shipments 
according  to  method  of  transportation.  This  report  is  indis- 
pciisMblo  in  State  allocation  work,  is  valuable  to  the  Federal 
Covcrnnicnt  from  the  standixiint  of  national  defense,  to  the  in- 
dustry as  showing  tlie  sources  of  crude  oil.  and  to  the  transporta- 
tion agencies  as  basic  data  for  measuring  competitive  trends. 

A  monthly  report  of  crude-oil  stocks  by  States  of  origin  and 
location. 

A  weekly  report  of  crude-oil  stocks  by  grades  to  assist  in 
furnishing  a  check  on  the  current  balance  between  i)roductioii 
and  demand. 

.\  nionlhly  re])ort  on  data  relating  to  tlie  distribution  of 
ii.ilural  gasoline  in  cuder  to  trace  the  growth  of  sales  in  competi- 
tion with  letined  g;isoline. 

These  monthly  and  weekly  services  were  separate  and  distinct 
from  the  monthly  forecasts  of  demand  and  represented  essential 
basic  data  to  indicate  the  seasonal  changes  in  demanil  and  shifts 
in  the  sources  of  supply. 

At  the  time  of  the  termination  of  the  [)etroleum  code, 
active  proration  ju-ograms  were  in  effect  in  several  of  the 
major  oil  producing  ."states,  operating  under  the  author- 
ity of  State  conservation  laws.  The  Governors  of  sev- 
eral of  these  States  requested  the  Secretary  of  the 
Interior  to  have  the  Bureau  of  Mines  continue  its  studies 
of  market  demand  as  an  essential  aid  to  the  State  con- 
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servation  programs.  Consequently,  from  June  1935  the 
Petroleum  Economics  Division  began  issuing  monthly 
forecasts  of  demand. 

After  the  formation  of  the  Interstate  Oil  Compact 
Commission  in  September  1935  that  organization  ap- 
pointed a  committee  to  confer  with  the  Bureau  of  Mines 
as  to  the  methods  used  in  the  preparation  of  the  monthly 
forecasts.  Representatives  of  the  Commission  later 
appeared  before  the  House  Committee,  Interior  Depart- 
ment Ajjpropriations  Bill,  1937,  and  urged  that  special 
funds  be  provided  for  the  Bureau  of  Mines  to  contmue 
the  regular  collection  of  current  data  on  supply  and  de- 
mand, to  issue  monthly  forecasts  of  motor  fuel  and 
crude  oil  demand,  and  to  conduct  a  special  survey  of  the 
quality  and  character  of  the  stocks  of  crude  oil  in 
storage. 

One  important  change  has  occurred  in  tlie  forecasts  as 
issued  by  the  Bureau  of  Mines.  Through  October  1936 
estimates  were  included  for  changes  in  crude-oil  stocks, 
and,  consequently,  the  final  figures  by  States  represented 
required  production.  In  all  forecasts  subsequent  to 
October  1936  no  estimates  for  changes  in  crude-oil 
stocks  have  been  made,  and  the  figures  by  States  repre- 
sent market  demand  for  crude  which  can  be  met  either 
by  new  i^roduction  or  from  stocks.  The  Bureau  discon- 
tinued the  estimates  of  crude  stock  changes  at  the  re- 
quest of  a  committee  appointed  by  tlie  Interstate  Oil 
Compact  Commission.  Thus  the  present  forecast  esti- 
mates represent  the  total  amount  of  crude  oil  required 
to  meet  the  demand  by  States  of  origin  and  are  not  com- 
parable with  either  State  allowables  or  with  production 
figures.  In  fixing  their  production  allowables,  certain 
States  have  at  times  exceeded  the  forecast  estimates  and 
built  up  stocks  of  crude  oil  or  have  .set  their  allowables 
at  lower  figures  to  reduce  crude  stocks  of  State  origin. 

The  monthly  forecasts  are  of  value  to  the  Interstate 
Oil  Compact  Commission  and  the  individual  State 
agencies  in  establishing  their  conservation  programs,  to 
the  industry  as  a  guide  to  jiilanning  operations,  and  to 
the  economic  world  in  general  in  giving  it  a  preview  of 
trends  in  the  oil  industry. 

The  Bureau  of  Mines,  because  of  its  experience  and 
the  fact  that  it  is  authorized  to  collect  the  statistics  for 
the  oil  industry,  represents  the  logical  agency  to  make 
such  forecasts. 

The  Forecasts  of  Demand  are  purely  a  factual  service 
rendered  by  the  Bureau  of  ilines  and  represent  an  un- 
biased and  scientific  analysis  of  current  demand  on  a 
monthly  basis  for  the  information  of  the  Federal  Gov- 
ernment, the  several  State  agencies,  and  the  petroleum 
industry.  They  represent  an  estimate  of  the  volume  of 
current  operations  necessary  to  maintain  a  reasonable 
balance  between  supply  and  demand,  with  a  view  to 


avoiding  unnecessary  storage  of  either  crude  ijetroleum 
or  refined  products. 

The  forecasts  of  the  Bureau  of  Mines  are  issued  about 
the  middle  of  each  month  to  cover  estimated  require- 
ments for  the  following  month.  Tliey  represent  a 
sliort-term  projection  of  all  availal)le  information  relat- 
ing to  seasonal  production,  stocks,  sales,  and  consump- 
tion. The  forecasts  reflect  actual  competitive  trends  be- 
tween States  and  make  no  adjustments  for  potential 
ability  to  produce. 

The  correlation  of  data  on  refinery  sales  and  actual 
consumijtion  is  very  difficult.  Consumption  of  both 
motor  fuel  and  fuel  oils  is  subject  to  unexpected  varia- 
tions because  of  abnormal  weather  conditions.  Sales 
may  be  shifted,  as  between  months,  by  changes  in  price, 
freight  rates,  or  export  conditions.  Part  of  the  sales 
may  actually  represent  stock  accumulations  at  distribu- 
tion points  beyond  the  scope  of  stocks  as  reported  to  the 
Bureau  of  Mines.  Frequently  an  expectedly  large  sales 
figure  for  one  month  will  be  normally  offset  by  a  cor- 
respondingly low  figure  for  the  next  month.  The  com- 
bined forecast  for  the  two  months  may  be  accui'ate, 
although  not  correct  for  either  month  separately. 

Forecasts  must  be  based  on  the  assumption  of  normal 
weather  conditions  and  the  continuance  of  current 
trends  as  indicated  by  available  data  at  the  time  of  issue. 
For  example,  for  a  January  forecast  only  slight  infor- 
mation is  available  on  December  demand;  only  pre- 
liminary data  based  on  current  weekly  statistics  are 
available  for  November,  and  final  statistics  for  October 
operations  will  have  just  been  published. 

The  use  of  the  term  "market  demand"  for  crude  in 
the  present  monthly  forecasts  of  the  Bureau  of  ]\Iines  is 
restricted  to  the  estimate  of  the  actual  demand  for 
crude  petroleum  for  export,  for  fuel  and  losses,  and  for 
the  runs  to  stills  required  to  supply  both  the  demand 
for  and  normal  seasonal  stock  changes  of  refined 
products. 

The  monthly  forecasts  of  motor  fuel  demand  can  be 
added  properly  for  a  cumulative  annual  total  for  com- 
parison with  actual  demand.  In  general,  the  trend  of 
these  forecasts  has  shown  increasing  accuracy,  and  the 
variation  from  the  actual  for  the  year  1938  will  be  con- 
siderably less  than  1  percent. 

When  actual  changes  in  gasoline  stocks  are  greater 
or  less  than  anticipated,  cumulative  corrections  must 
be  applied  in  subsequent  forecasts  for  progress  toward 
jjroper  stock  equilibrium.  Excessive  runs  to  stills  in 
one  period  must  be  compensated  by  lower  estimated 
runs  than  originalh'  anticipated  in  later  forecasts. 
This  factor  involves  duplication  of  the  estimates  not 
only  of  gasoline  stock  reductions  but  also  in  runs  to 
stills  and  total  market  demand  for  crude. 
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Methods  Used  in  Forecasting  Demand 

A  report  on  tlie  forecast  methods  used  by  the  Bureau 
of  Mines  was  made  to  a  special  committee  of  the  Inter- 
state Oil  Compact  Commission  and  was  published  in 
the  "Transcript  of  Proceedings  of  the  Compact  Meet- 
ing" at  Colorado  Springs  July  29,  1938. 

The  first  major  step  in  tlie  Bureau's  forecast  involves 
estimating  the  probable  domestic  demand  for  motor 
fuel  (not  including  heavier  oils  like  Diesel  oil)  by  all 
agencies:  that  is,  by  automolules,  stationary  engines, 
motor  boats,  cleaning  establisjimonts,  etc.  Of  tliese,  the 
automotive  consumption  is  by  far  the  most  important, 
comprising  about  89  ))ercent  of  the  total.  The  national 
demand  for  automotive  gasoline  can  l)e  forecast  witli  a 
comparatively  high  degree  of  accuracy  for  short  periods 
because  of  the  staljility.  or  absence  of  market  fluctua- 
tions, in  the  number  of  motor  vehicles  in  use  and  tlie 
reliability  of  the  trend  of  gasoline  consumption  per 
motor  vehicle.  The  nonautomotive  uses  of  gasoline 
comprise  such  a  small  and  unvaried  projiortion  of  the 
total  demand  that  they  are  included  iu  the  (-ilrulation 
of  the  gasoline  demand  per  motor  vcliicie.  The  numl)er 
of  motor  veliicles  in  use  is  calculated  uionthly,  and  the 
figure  is  divided  into  the  daily  average  motor  fuel  de- 
mand to  ol)tain  the  daily  aveiage  motor  fuel  demand 
per  motor  vehicle.  Tlie  individual  monthly  statistics 
from  this  calculation  are  then  correlated  with  a  monthly 
business  index  to  obtain  an  estimating  e(iuation  for  fore- 
casting motor  fuel  demand.  The  estimated  average 
gasoline  consumption  per  motor  vehicle  multiplied  by 
the  total  number  of  motor  vehicles  in  use  gives  an 
estimate  of  tiie  total  domestic  demand  for  gasoline  in 
the  United  States.  Motor  fuel  exports,  added  to 
domestic  demand,  give  the  estimate  for  total  demand. 
The  gasoline  export  estimates  are  based  on  forecasts 
received  by  the  Bureau  of  Mines  from  tiie  princij)al 
exporters  of  the  countiv  and  on  statistics  of  past  ex- 
ports compiled  by  the  Bui'eau  of  Foreign  and  Domestic 
Commerce. 

The  next  major  step  in  the  Bureau's  forecast  involves 
forecasts  of  seasonal  changes  in  gasoline  stocks.  In- 
creasing winter  acciuiiiilaiii>ns  of  gasoline  stocks,  with 
subsequent  necessary  sunmier  liquidation,  are  due  to  the 
greater  lelative  demand  for  heating  distillates  in  the 
fall  and  winter  months.  Since  the  peak  monthly  yield 
of  gas  oil  and  distillate  fuel  oils  from  crude  has  not 
greatly  exceeded  11  per  cent,  it  re(juires  the  running  of 
at  least  7  million  barrels  of  crude  oil  to  produce  1  million 
barrels  of  distillate  fuels,  and  this,  in  turn,  involves  the 
production  of  a  minimum  of  about  3  million  barrels  of 
gasoline.  Unless  stocks  of  heating  oils  are  accumulated 
in  advance  a  large  winter  accumulation  of  excess  gaso- 
line is  unavoidable,  but  is  subject  to  extreme  monthly 
variation,  owing  to  unusually  mild  or  unexpectedly  cold 


weather.  As  a  part  of  its  monthly  forecast,  the  Bureau 
of  Mines  must  set  up  an  estimated  high  i)oint  in  gasoline 
stock  accumulation,  generally  as  of  March  31,  and  an 
estimated  low  point,  generally  as  of  October  31.  The 
estimated  seasonal  increase  in  gasoline  stocks  in  the 
months  from  November  to  March,  inclusive,  is  based 
on  the  normal  demand  for  distillate  fuel  oils,  to  be  met 
by  li(iuidation  of  available  distillate  stock  and  from 
necessary  new  production  at  probable  yields  from  crude. 
Unusually  cold  weather  results  in  an  miexpected  in- 
crease in  demand  and  causes  larger  refinery  runs  and 
greater  gasoline  stock  increases.  An  estimated  seasonal 
]>rogram  of  decrease  in  gasoline  stocks,  from  April  to 
()clol)er,  inclusive,  must  be  .set  up  with  an  objective 
which  will  reduce  such  stocks  to  a  reasonably  nonnal  po- 
sition. If  the  original  estimated  decreases  fail  to  mate- 
rialize for  .'ieveral  months,  additional  cmuulative  esti- 
nuites  of  reduction  must  be  made  for  later  months. 
Considerable  further  research  is  essential  for  the  deter- 
mination of  the  i)roi)er  ratio  of  gasoline  slock  levels 
to  increase  in  gasoline  demand. 

After  estimating  total  motor  fuel  demand  and  the 
necessary  changes  in  gasoline  stocks,  the  amount  of 
required  new  production  from  all  sources  is  indicated. 
In  Older  to  detei'iiiine  the  amount  of  straight  run  and 
(•racked  gasoline  (o  be  pi'oduced  from  crude  petroleum, 
1  lie  estimated  sales  of  benzol  and  natural  gasoline  direct 
from  producer  to  consumer  are  fii'st  deducted,  giving  a 
remainder  repi'esenting  re([uired  refinery  output.  The 
furl  her  deduction  of  natural  gasoline  blended  at  the 
icHiiery  gives  the  estimated  amount  of  refinery  gasoline 
t(i  be  [)roduced  from  crude.  The  yield  of  gasoline  from 
crude  oil  is  estimated  on  the  basis  of  seasonal  factors  in 
relation  to  the  reipiired  output  of  other  pi-oducts.  The 
necessary  amount  of  crude  ]ietrol(>uiii  to  l)e  run  to  .stills 
can  now  be  computed.  Deduction  of  the  estimated  runs 
of  foreign  crude  gives  the  amount  of  domestic  crude 
required  for  refinery  operations. 

The  next  step  is  to  determine  the  refinery  demand  for 
crude  oil  by  refinery  districts.  The  total  national  motor 
fuel  demand  is  allocated  to  the  market  areas  associated 
with  the  refinery  districts,  on  the  basis  of  consumption 
data  derived  from  the  State  gasoline  tax  figures.  The 
gasoline  supply  for  each  district  is  obtained  from  five 
sources,  namely,  from  stocks,  from  sales  of  benzol  and 
natural  gasoline  direct  from  i)roducers  to  consumers, 
from  natural  gasoline  blended  at  refineries,  from  re- 
ceipts from  other  districts,  and  from  crude  oil  refined 
within  the  district.  Stock  changes  ai-e  based  on  the  nor- 
mal relationship  in  each  district  between  inventories  and 
shii^ments.  Inasnnich  as  the  fifth  source — crude  runs  to 
stills — comprises  the  major  jjortion  of  the  allocations, 
the  general  pi'ocedure  involves  the  estimation  of  data 
from  the  other  four  sources  and  their  deduction  fiom 
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tlie  required  supply.  These  operations  complete  the 
estimates  as  to  the  gasoline  production  required  from 
crude  refined  in  each  district. 

The  determination  of  the  crude  required  by  refineries 
in  each  district  involves  the  review  of  the  district  record 
of  operations  to  determine  the  estimated  gasoline  yield 
from  crude  oil  and  its  application  to  the  figui'e  of  gaso- 
line production  obtained  above.  Tlie  next  step  covers 
the  allowance  for  crude  imports  and  involves  the  setting 
up  of  estimates  for  probable  runs  of  foreign  crude  and 
the  subtraction  of  these  data  from  total  crude-oil  re- 
quirements at  refineries.  The  domestic  crude  require- 
ment in  each  district  is  tlien  broken  down  proportion- 
ately among  the  producing  States  which  have  supplied 
the  refinery  needs  of  that  particular  district  in  the  past, 
on  the  basis  of  established  channels  of  movement  be- 
tween districts.  Tlie  summation  of  these  data  gives  a 
break-down  of  total  refinery  demand  for  domestic  crude 
by  States  of  origin.  The  last  step  involves  the  estimate 
of  probable  crude  exports,  direct  uses  as  fuel,  and  losses 
by  States;  and  the  addition  of  these  estimates  to  the 
data  of  refinery  demand  by  States  gives  the  total  market 
demand'  for  domestic  crude  oil  by  States  of  origin. 


In  general,  all  of  the  estimates  outlined  above  are 
based  on  the  trends  shown  hy  the  most  recent  official 
statistics  and  sources  of  industry  information. 

The  method  just  described  gives  the  final  figure  for 
the  national  market  demand  for  domestic  crude.  The 
figures  for  distribution  among  the  States,  however,  are 
subject  to  further  weighting  as  to  their  share  of  this 
total,  since  complete  infonnation  is  not  available  on  cer- 
tain phases  of  interdistrict  movements  and  refinery 
operations.  The  shares  of  the  States  under  the  above 
method  are  given  a  weighting  of  50  percent  in  the  final 
forecast.  The  demand  for  crude  by  States  can  be  deter- 
mined by  another  method,  namely,  the  State  production 
of  crude  plus  or  minus  changes  in  crude  stocks  of  State 
origin.  The  trend  of  these  demand  figures  is  determined 
on  a  percentage  basis  and  the  percentages  are  applied  to 
the  estimated  total  nuirket  demand  for  crude  to  produce 
distribution  figures  by  States  that  are  gi^-en  a  weight  of 
25  percent  in  the  final  forecast.  As  a  further  factor  of 
stability,  the  percentages  of  market  demand  by  States, 
finally  worked  out  in  the  previous  month's  forecast,  are 
applied  to  the  new  forecast  of  total  demand  and  the 
resulting  distribution  is  given  a  :^5-2)ercent  weighing  in 
the  final  forecast. 
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-RECENT  REGULATION  OF  THE  lilTUMINOUS  COAL  INDUSTRY  IN  THE 

UNITED  STATES 


Hy  Wilbert  G.  Fritz* 


Proposals  for  Regulation 

The  Federal  Governiiient  undertook  regulation  of  the 
hituiuiuoMs-coal  industry  on  an  enicrircnoy  basis  duriuji 
the  Worhl  War.  The  Food  and  Fuel  Control  Act, 
passed  Aui;iist  In.  I'.tl7.  proxidcil  tor  control  ol'  prices, 
production,  distrihution.  and  storaire  of  coal.  This 
emergency  re<ruhition  was  abaiuloned  after  the  close  of 
iiostilities,  but  wartime  conditions  so  disrupted  the  in- 
dustry that  an  acute  shortage  of  coal  developed  in  1!)20. 
The  business  depression  of  1021  resulted  in  a  rapid 
decline  of  both  protluction  and  prit'es.  Uneniployni.'nt 
and  pressure  on  M-age  rates  were  fuitluM-  consequences. 
Prolonged  strikes  in  1922  led  to  tiie  creation  of  the 
United  States  Coal  Commission  to  investigate  the  in- 
dustry. The  Commission  issued  a  voluminous  report  of 
findings  and  recommendations,  wliich  it  referred  to  the 
Senate  Ccjunnittee  on  Mines  and  Alining  in  December 
1923.  Although  the  Commission  was  only  a  fact- 
finding and  advisory  body,  its  investigation  marked  a 
turning  point  in  attitude  toward  the  bituminous-coal 
industry.  In  subsequent  years  there  lias  been  a  grow- 
ing conviction  that  the  coal  problem  is  not  one  of  tem- 
porary recession  but  instead  one  that  requires  basic 
readjustments.  Since  the  actual  publication  of  the  re- 
port of  the  Commission  in  192.")  mimerous  attempts  have 
been  made  to  regulate  the  industry.  The  chief  lines  of 
attack  have  been  as  follows: 

1.  Self-regulation  by  tlie  industry. 

2.  A  dual  system  of  regulation  established  under  the 
National  Recovery  Administration  in  which  codes  were 
established  largely  by  tiie  industry  but  enforced  by  tlie 
Federal  (loxernment. 

3.  Regulation  of  the  industry  liy  the  Federal  Govern- 
ment under  acts  passed  in  1935  and  1937. 

The  first  important  effort  after  the  war  period  to 
regulate  the  bituminous-coal  industry  was  througii  Ap- 
palachian Coals,  Inc.,  a  marketing  agency,  established 
in  1932.  Prior  to  that  year  several  concrete  i)roposals 
for  self-regulation  had  been  suggested.  Xone  of  these 
earlier  major  schemes  succeeded,  but  some  of  the  plans 
were  seriouslv  considered.     In  soutliern  West  \''ir<rinia 


three  proposals  for  the  organization  of  sales  agencies 
av  amalgamations  were  i)ut  forward  between  1925  and 
1928.  These  schemes  were  the  predecessors  of  Appa- 
lachian Coals,  Inc.,  the  last  of  them  resembling  very 
closely  the  organization  actually  adopted.  Had  it  not 
been  for  doubts  in  regard  lo  \alidity  under  tlie  anli- 
t  rust  laws  the  1928  plan  probably  would  have  become  an 
actuality. 

The  Uniteil  Mine  Workers  of  America  has  been  the 
chief  sponsor  of  governmental  control  plans.  This  or- 
ganization has  been  active  from  time  to  time  in  suggest- 
ing plans  for  general  control  of  the  industry.  In  the 
year  following  the  AVorld  War,  nationalization  of  the 
industry  was  favored  by  the  union,  but  this  policy  has 
not  been  recommended  by  the  organization  in  recent 
years. 

In  1927  widespread  strikes  in  the  northern  fields  led 
to  a  revival  of  interest  in  control.  The  union  was  losing 
power  rapidly  and  was  seeking  ways  to  reestabjish  it- 
self. In  1928  and  1932,  bills  were  introduced  in  Con- 
gress i)roviding  for  control  of  the  industry  under  the 
plan  suggested  by  the  United  Mine  AVorkers.'  The 
basic  proposals  included  in  the  bills  were  inspired  by 
the  Report  of  the  United  States  Coal  Coinnmsion. 
This  report  reconnnended : 

1.  That  the  Intenstate  Commerce  Commission  be 
made  responsible  for  supervision  of  the  coal  nuning 
industry  and  that  it  give  special  attention  to  the  ques- 
tion  of  uneconomic  freight  rates  and  railroad  car 
shortages. 

2.  That  a  special  division  be  created  in  the  Inter- 
state Commerce  Conuni.ssion  for  the  purpose  of  regu- 
lating the  coal  industry.  The  Coal  Commission  was 
avei-se  to  the  establishment  of  a  new  and  unattached  gov- 
ermnental  agency  and  felt  that,  because  regulation  of 
the  coal  industry  would  be  largely  a  matter  of  regu- 
lating interstate  commerce,  the  Interstate  Conunerce 
Connnission  was  the  logical  regulatory  body.  Anu)ng 
the  various  duties  to  be  assigned  were  the  distribution 
of  coal  in  times  of  national  shortage,  such  as  existed 
in  1922.  and  the  promotion  of  consolidations.  The  sjje- 
cial  division,  furthermore,  would  have  the  right  to  ob- 
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tain  all  needed  information  either  from  original  sources 
or  from  bureaus  collecting  it. 

3.  That  attention  be  given  by  the  special  division  to 
prevent  the  further  development  of  excess  capacity  in 
the  coal  industry.  This  control  should  be  exercised 
through  the  licensing  of  mines  shipping  coal  into  inter- 
state conunerce  and  by  limiting  the  extension  of  rail- 
road facilities  to  new  mines. 

These  recommendations  were  colored  by  the  post-war 
situation,  and  inore  emphasis  was  therefore  placed  on 
the  prevention  of  shortage  than  on  tlie  control  of  exces- 
sive capacity.  The  licensing  proposal  suggested  by  the 
Coal  Commission  was  used  by  the  United  Mine  Workers 
as  the  basis  for  the  bills  introduced  in  Congress  in  1928 
and  1932.  Under  these  bills,  however,  the  licensing 
authority  was  not  to  be  a  division  of  the  Interstate  Com- 
merce Conunission  but  a  separately  appointed  Federal 
coal  conunission.  It  was  the  intention  to  impose  satis- 
factory labor  standards  on  the  operators,  especially  with 
regard  to  wages  and  hours. 

The  1928  bill  provided  for  organization  by  the  in- 
dustry of  marketing  agencies  and  amalgamations  of 
I^roducers.  Companies  could  enter  into  such  arrange- 
ments by  procuring  licenses  from  the  Federal  conunis- 
sion. It  was  expected  that  this  conunission  would  im- 
pose satisfactory  labor  standards  through  the  provisions 
of  the  licenses.  The  commission  could,  if  necessary,  fix 
maximum  prices,  but  no  provision  was  included  for  fix- 
ing minimiun  prices. 

The  1932  bill  (Davis-Kelly  bill)  was  based  on  the 
same  general  idea  and  was  designed  to  secure  for  the 
mine  workers  the  right  of  collective  bargaining  through 
the  licensing  and  regulation  of  coal  operators  engaged 
in  shipping  coal  into  interstate  commerce.  This  bill 
contained  provisions  for  marketing  agencies  but  not  for 
amalgamations  of  coal  companies. 

Neither  the  1928  nor  the  1932  bill  got  beyond  the 
Senate  committee.  That  the  proposed  legislation  was 
not  adopted  was  due  in  large  measure  to  the  fact  that 
conditions  in  the  industry  had  changed  markedly  after 
the  rejjort  of  the  Coal  Conunission  was  presented. 
There  was  no  longer  danger  of  acute  shortage.  The 
period  of  extensive  strikes  had  passed,  and  wage  rates 
had  been  restored.  The  chief  problem  was  the  existence 
of  a  large  surplus  producing  capacity,  most  of  which 
had  accumulated  since  the  war,  and  of  ruinously  low 
prices.  Operators  were  strongly  opposed  to  the  two 
bills.  Although  their  opposition  had  softened  some- 
what by  1932.  most  of  them  continued  to  favor  self- 
regulation.  Some  of  them  preferred  to  be  let  alone,  in 
the  hope  that  conditions  would  improve  without  inter- 
vention. 

Another  bill  jiroviding  for  the  regulation  of  the  bitu- 
minous coal  industry  was  also  under  consideration  in 


1932.-  It  was  introduced  by  Representative  David  Lewis 
and  was  based  on  part  I  of  the  British  Coal  INlines  Act 
of  1930.  The  bill  had  little  support  at  first,  but  toward 
the  end  of  the  hearings  it  was  more  favorably  received 
by  the  industry  because  of  the  provision  for  a  measure 
of  self-regulation.  Hearings  were  discontinued  ab- 
ruptly when  the  National  Industrial  Recovery  Act  was 
passed. 

Control  by  Appalachian  Coals,  Inc. 

Coal  operators  long  ha^•e  considered  governmental 
control  of  production  and  other  governmental  interven- 
tion in  industry  as  being  outside  the  range  of  activities 
permitted  under  the  Constitution.  It  is  natural,  there- 
fore, tliat  the  first  experiment  sponsored  l)y  operators 
for  the  control  of  the  industi-y  should  be  a  private  or- 
ganization of  operators  rather  than  some  form  of  gov- 
ermnental  supervision  and  regulation.  In  February 
1931  a  conference  of  coal  operators  was  held  in  Wash- 
ington to  discuss  the  critical  situation  of  the  industry 
and  to  formulate  a  plan  of  action  for  its  relief.  The 
ujDshot  of  the  meeting  was  a  report  advocating  an  or- 
ganization of  operators  along  the  lines  actually  fol- 
lowed in  the  organization  of  Appalachian  Coals,  Inc. 
The  plan  fornuilated  at  the  Washington  meeting  led  to 
the  launching  in  1932  of  Apijalachian  Coals,  Inc.,  a  sales 
agencj'  intended  to  cover  the  high-volatile  coal  fields 
of  southern  West  Virginia,  Virginia,  eastern  Kentucky, 
and  northeastern  Tennessee.  Under  the  plan  of  or- 
ganization, operators  were  invited  to  become  sharehold- 
ers in  the  corporation  and  to  enter  into  a  contract 
appointing  the  corporation  as  exclusive  sales  agent  for 
the  producers.  This  exclusive  agency  arrangement  was 
adopted  to  establish  a  close  legal  control  by  Appalachian 
Coals  over  its  membership,  but  the  central  agency  did 
not  actually  operate  as  a  selling  organization.  Sales 
were  made  through  subagencies  directly  representing 
the  coal  companies.  In  addition  to  the  primary  con- 
tract, each  member  contracted  with  a  subagency  for 
the  actual  sale  of  coal.  This  third  organization,  also 
a  party  to  the  original  Appalachian  Coals  contract,  was 
often  the  sales  organization  or  division  of  the  producing 
company. 

The  primary  function  of  Appalachian  Coals  was  con- 
trol of  minimum  prices.  Under  the  provisions  of  the 
contract,  classifications  and  i^rice  schedules  were  pre- 
pared covering  all  kinds  and  sizes  of  coal  produced  by 
member  companies.  This  price  list,  it  should  be  ob- 
served, became  the  prototype  of  later  j)rice  schedules 
established  for  the  bituminous-coal  industry.  A  factor 
working  against  the  successful  control  of  price  was  the 
fact  that  membership  in  Appalachian  Coals  was  volun- 
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taiy,  iincl  for  this  reason  it  was  impossible  to  provide 
stringent  enforeement.  Producers  dissatisfied  with  the 
chissification  of  their  coals,  however,  had  the  right  of 
apjjcal  to  a  board  of  arbitration. 

Witl>  respect  to  production  control  under  Appalach- 
ian Coals,  the  original  contract  of  1932  provided  that 
the  selling  agency  should  u;^^  its  best  efforts  to  sell  all 
the  coal  produced,  and  that  when  the  demand  became 
insufficient  to  absorb  the  output  of  all  members,  par- 
ticipation should  be  determined  as  nearly  as  possible 
by  tiie  ratio  of  their  railroad-car  allotments.  When 
the  contract  was  renewed  in  1935,  the  corporation  was 
rr(|uirc(l  to  keep  average  operating  time  at  ii  iiinfi>rm 
level,  based  on  the  car-allotment  rulings.  The  1938 
contract,  liowever,  omitted  all  reference  to  operating 
time  or  car  allotments. 

The  first  year  of  the  life  of  Appalachian  Coals  was 
spent  in  establishing  its  validity  under  the  law.  An 
injunction  against  the  corporation  was  gi-anted  in  1932 
by  the  United  States  District  Court  at  Asheville,  N.  C, 
on  the  ground  that  the  jdan  violated  the  Federal  anti- 
trust laws.  In  March  1933  this  ruling  by  the  district 
coui-t  was  revei-sed  by  the  United  States  Supreme 
Court.''  The  Court  warned  the  corporation,  neverthe- 
less, that  its  decision  did  not  mean  that  the  Government 
woidd  be  precluded  from  taking  necessary  steps,  should 
the  plan  under  actual  operation  unduly  restrict  inter- 
state connnerce. 

The  Bituniinou.s  Coal  Code 
Under  the  N.  R.  A. 

Since  the  time  of  its  organization  in  1932,  Appa- 
lachian Coals  has  held  the  center  of  the  stage  only  for 
brief  periods  in  1933,  1935,  1930,  and  the  early  part  of 
1937.  During  these  limited  periods  of  activity  the  cor- 
poration served  as  a  stopgap  between  the  various  gov- 
cnnnental  experiments  in  the  field  of  regulation.  The 
major  events  in  the  regulation  of  bituuiiiions  coal  from 
I  he  early  part  of  1933  to  the  present  are  as  follows : 

March  1933,  favorable  decision  of  the  Supreme  Court 
in  the  Appalachian  Coals  case. 

October  1933,  inaugm-ation  of  the  Bituminous  Coal 
Code  under  the  N.  R.  A. 

May  1935,  invalidation  of  the  National  Industrial 
Recovery  Act. 

August  1935,  adoption  of  the  Bituminous  Coal  Con- 
servation Act  of  1935. 

May  1936,  the  coal  act  of  the  previous  year  declared 
invalid  by  the  Supreme  Court. 

April  1937,  the  Bituminous  Coal  Act  of  1937  became 
law. 


February  1938,  withdrawal  of  coal-price  schedules 
established  under  the  coal  act. 

The  fir.st  extensive  peacetime  regulation  of  the  bitu- 
minous coal  industry  under  Federal  auspices  occurred 
under  the  National  Industrial  Recovery  Act,  which,  as 
its  name  implies,  was  to  be  used  as  one  of  the  most  im- 
portant weapons  in  an  attack  on  the  business  dej^ression, 
and  was  an  '"enabling"  act  of  cxti-eniely  general  charac- 
ter. Under  its  provisions  detailed  regulatory  schemes 
relating  to  various  industries  were  contemplated,  and  it 
was  under  this  act  that  the  coal-mining  industry,  as  well 
as  industries  dejiendent  on  coal,  adopted  codes  of  "fair 
competition."  Coal  operators  were  required  to  abide  by 
a  code  written  to  comply  with  the  general  provisions  of 
the  act.  The  Code  of  Fair  Comi)etition  for  the  Bitu- 
minous Coal  Industry  called  for  maintenance  of  mini- 
mum prices  and  elimination  of  luifair  competitive  prac- 
tices. The  act  gave  to  the  code  the  force  of  law  and 
made  it  binding  on  all  operators.  It  required  operators 
to  observe  the  minimum-wage  and  m.ixinunn-hour  pro- 
visions of  the  code,  io  bargain  with  duly  elected  repre- 
sentatives of  employees,  and  to  refrain  from  interfering 
with  the  free  choice  of  representatives  by  the  employees. 
These  {provisions  had  an  inipurlaiit  ell'ect.  resulting  in  a 
large-scale  movement  towaid  tiade-union  organization. 
Advantages  to  the  industry  included  i'>tablishment  of 
eirective  oi'ganizations  for  eliminating  destructive  wage 
and  jirice  cutting.  Administrative  codes  of  the  various 
industries  were  in  the  hands  of  the  industries  themselves, 
under  the  general  supervision  of  the  National  Recovery 
Administration.  Although  the  code  imposed  self-i'egu- 
lation  on  the  industry  instead  of  Federal  regulation,  the 
power  of  the  Federal  Government  was  placed  behind 
the  industry  to  enforce  compliance.  The  code  became 
effective  in  October  1933  and  remained  in  force  until 
May  1935,  when  the  Srhcehter  case  decision  by  the  Su- 
preme Court,  invalidating  the  Recovery  Act,'  forced 
abandonment  of  the  code. 

In  the  bituminous  coal  industry,  lasting  achievements 
under  the  National  Recovery  Administration  Code  con- 
sisted of  almost  complete  iniionization  of  the  miners 
and  stabilization  of  interdistrict  wage  differentials, 
changes  that  have  continued  up  to  the  present  time. 
Early  in  1933  the  strength  of  the  United  Mine  Workers 
of  America  was  the  lowest  in  several  decades.  Only  in 
Illinois  and  Indiana  was  there  any  considerable  degree 
of  union  organization  remaining.  In  the  Appalachian 
region,  except  for  southern  Ohio,  the  union  had  col- 
lapsed. One  of  the  first  results  of  the  passage  of  the 
National  Industrial  Recovery  Act  was  rapid  rehabilita- 
tion of  labor  organization.  In  thel  atter  part  of  1933 
the  union  was  able  to  negotiate   with  the  operators 


'Appalachian  Coals,  Inc.  V.  V.  S.,  288  U.  S.  344  (1933). 
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on  a  national  basis,  and  the  eventual  result  was  that  95 
percent  of  the  miners  became  members  of  the  leading 
union.  Xegotiations  by  the  union  on  an  interstate  basis 
l^ut  an  end  to  competitive  wage  cutting  between  dis- 
tricts. 

Other  provisions  favoring  labor  included  the  estab- 
lishment of  a  Xational  Bituminous  Coal  Labor  Board 
and  numerous  miscellaneous  regulations,  such  as  those 
prohibiting  compulsory  trading  in  company  stores. 

One  of  the  ba«ic  principles  of  the  X.  R.  A.  was  the 
establislmient  of  fair  competition.  Competitive  price- 
cutting  and  "chiseling"  of  prices,  considered  the  main 
reasons  for  economic  disruption,  were  the  more  obvious 
evils  of  the  industry.  Xaturally,  the  framers  of  the 
code  set  out  to  deal  with  the  situation  by  means  of  price 
conti'ol. 

Committees  of  ox^erators  known  as  code  authorities 
were  set  up  in  each  division.  There  was  also  a  national 
organization  of  operators  known  as  the  Xational  Bitu- 
minous Coal  Industrial  Board,  but  on  which  labor  and 
the  public  also  were  represented.  Original  provisions 
regarding  price-fixing  were  general  and  extremely 
vague,  but  these  were  replaced  in  January  1935  by  more 
detailed  price  structures.  In  fixing  prices,  reference 
was  not  made  to  the  cost  of  production  but  rather  to  the 
classification  of  coal;  that  is,  variations  in  prices  of 
particular  coals  were  to  be  made  according  to  the  char- 
acteristics and  uses  of  the  coal. 

In  assessing  the  achievements  of  the  coal  industry 
under  the  X.  R.  A.,  prominence  must  be  given  to  results 
in  the  si:)here  of  labor.  Within  a  few  months  the  miners 
achieved  almost  complete  unionization,  and  in  addition 
wage  and  hour  standards  were  materially  heightened. 
Prices  for  coal  were  also  raised.  The  average  realiza- 
tion per  ton  of  bituminous  coal  at  the  mine  increased 
from  $1.54  in  1931  to  $1.75  in  1934  and  $1.7T  in  1935. 
Price  increases  accounted  in  large  part  for  the  transfor- 
mation from  a  large  deficit  in  1933  to  almost  no  deficit 
in  1934.  Although  evasion  of  the  minimum  prices  be- 
came increasingly  serious,  it  appears  cei'tain  that  the 
former  losses  of  the  industry  were  greatly  reduced. 
The  N.  R.  A.  price-fixing  experiment  has  served  as  a 
basis  for  subsequent  attempts  to  rehabilitate  the  indus- 
try by  means  of  the  control  of  minimum  prices. 

In  May  1935  the  United  States  Supreme  Court  by  its 
decision  in  the  Schechter  case  declared  the  Xational 
Industrial  Recovery  Act  to  be  unconstitutional,  mainly 
on  the  grounds  that  it  provided  for  delegation  of  legis- 
lative power  to  the  President  and  that  it  permitted 
Federal  interference  in  mattere  not  directly  affecting 
interstate  commerce.  Even  before  this  decision,  how- 
ever, the  X.  R.  A.  codes  in  various  industries  had  been 
collapsing,  owing  to  evasion  of  the  pricing  provisions 
and  to  a  gi'owing  belief  that  the  law  would  be  held 


invalid.     The  coal  industry  was  among  those  conspicu- 
ous in  evasion  of  its  code. 

The  Bituminous  Coal  Conser- 
vation Act  of  193.5 

Before  the  decision  of  the  Court  on  the  X.  R.  A.  a 
bill  was  under  consideration  by  a  committee  of  the  Sen- 
ate to  renew  regulation  of  the  bituminous-coal  industry, 
and  almost  immediately  after  the  decision  the  bill  was 
introduced.  Largely  because  of  price  evasion  under  the 
X.  R.  A.  code,  the  merits  of  production  control  were 
discussed  at  length  during  the  hearings  on  the  bill. 
Sponsors  of  production  control  contended  that  control 
of  minimum  prices  had  been  difficult  to  administer  and 
that  the  results  desired  coidd  be  obtained  more  effec- 
tively and  easily  by  control  of  outptit.  In  fact,  belief 
was  expressed  that,  with  adequate  control  of  production, 
there  would  be  no  need  of  control  of  minimum  prices 
because,  on  the  one  hand,  prices  would  tend  to  rise  as 
production  was  restricted,  and,  on  the  other  hand,  exces- 
sive prices  could  be  prevented  by  expansion  of  output 
on  short  notice.  The  existence  of  a  large  excess  capac- 
ity would  insure  prompt  acceleration  of  output  in  the 
event  of  expanded  demand. 

The  first  bill  presented  to  the  Senate  was  sponsored 
and  also  drafted  in  large  part  by  the  United  Mine 
Workers  of  America,  after  the  refusal  of  operators  to 
collaborate.  This  bill,  which  was  given  considerable 
thought  by  the  Senate  Committee  on  Interstate  Com- 
merce in  February  and  March  1935,  dealt  with:  (1)  a 
l^lan  of  production  control  in  which  district  and  mine 
output  cpiotas  would  be  allocated  by  national  and  dis- 
trict boards  of  operators,  (2)  establishment  of  mininuun 
jjrices  based  on  the  cost  of  production  in  each  desig- 
nated price  area,  (3)  stabilization  of  the  underlying 
wage  structure  through  compliance  with  wages  and 
hours  schedules  agreed  upon  by  a  two-thirds  majority 
of  operators,  (4)  the  elimination  of  surplus  capacity 
througli  the  purchase  of  coal  deposits  by  the  Federal 
Government. 

A  large  gi'oup  of  operators,  in  particular  the  owners 
of  captive  mines,  remained  adamant  against  Federal 
legislation  in  any  form  that  woidd  result  in  governmen- 
tal control  of  the  industry.  Other  groups,  however, 
claiming  60  percent  of  the  tonnage,  collaborated  witii 
the  miners  and  supported  the  bill  with  some  modifi- 
cations. 

In  final  form,  the  bill  was  changed  by  the  deletion 
of  the  production-control  provision  and  of  the  section 
regarding  Federal  purchase  of  coal  deposits  and  by  the 
insertion  of  provisions  for  creating  a  consumers'  coun- 
sel. The  Bituminous  Coal  Conservation  Act  of  1935 
(commonly  referred  to  as  the  Guffey-Snyder  Coal  Act 
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or  the  "little  N.  R.  A.")  became  law  in  August  1935  and 
thereby  took  the  place  of  the  abaiuloned  code. 

The  act  was  an  important  phase  of  the  development 
of  a  regulatory  program  for  bituminous-coal  indus- 
trj'.  It  created  a  National  Bituminous  Coal  Commis- 
sion of  live  members  in  the  Department  of  the  Interior 
to  administer  the  provisions  of  the  law.  To  enforce 
compliance,  a  tax  of  15  percent  of  the  sales  value  of 
the  coal  at  the  mine  was  levied,  with  the  provision  tliat 
a  refund  of  90  percent  of  the  tax  should  be  made  to 
operators  complying  with  the  terms  of  the  code.  The 
act  required  tlie  organization  of  23  district  boards  of 
coal  operators  who  should  determine  minimum  prices 
for  coal  according  to  a  prescribed  formula."  Such 
prices  were  subject  to  approval  by  the  Coal  Commission. 
Maximum  prices  could  be  set  by  the  Commission  if  it 
deemed  such  action  necessarj-  to  protect  the  public 
interest. 

A  wage  agreement  negotiated  in  any  district  by  pro- 
ducers of  two-thirds  of  the  tonnage  and  representatives 
of  a  majoritj-  of  the  workers  was  binding  on  all  produc- 
ers in  the  disti-ict.  Maximum  daily  and  weekly  hours 
agreed  on  by  employers  producing  two-thirds  of  the 
national  tonnage  and  by  i-epresentativcs  of  a  majority 
of  the  workers  were  likewise  binding  on  all  code  mem- 
bers. Collective  bargaining  by  representatives  of  the 
minere'  own  choosing  was  explicitly  protected.  Em- 
ployees were  guaranteed  the  right  of  peaceable  assem- 
blage, were  permitted  to  select  their  own  checkweighmcn, 
and  were  protected  against  an}-  compulsion  that  thej- 
live  in  company  houses  or  trade  at  the  store  of  the  em- 
ployer. A  Bituminous  Coal  Labor  Board  of  three  mem- 
bers was  created,  one  member  a  representative  of  the 
employers,  one  a  representative  of  the  organized  em- 
ployees, and  one  (the  chairman)  an  impartial  person 
with  neither  financial  interest  in  the  industrj'  nor  con- 
nection with  an  organization  of  the  employees.  The 
Labor  Board  had  autliority  to  hold  elections,  to  deter- 
mine tlie  choice  of  representatives  of  tlie  employees,  and 
to  adjudicate  labor  disputes  arising  under  the  provi- 
sions of  the  act. 

Consumers  were  to  be  represented  before  the  Coal 
Commission  through  the  Consumers'  Counsel,  who  had 
the  right  to  be  heard  on  all  matters  alTecting  the  interest 
of  consumers.  He  could  reepiire  the  Conmiission  to 
supply  information  and  to  conduct  investigations  which 
he  deemed  necessary. 

The  chief  burden  of  administration  was  assigned  to 
the  23  district  boards,  each  of  which  was  to  have  not 
less  than  3  nor  more  than  17  members,  one  being  a  labor 
representative  and  the  remainder  representatives  of  pro- 
ducers.   No  doubt  the  chief  interest  of  the  board  was 


the  fixing  of  minimum  prices.  The  act  did  not  provide 
for  the  direct  administration  of  working  conditions  and 
wage  rates.  It  depended  on  action  by  unions  to  pro- 
mote the  interests  of  the  laborei-s,  although,  as  in  the 
X.  R.  A.  Code,  it  guaranteed  the  right  of  collective  bar- 
gaining and  protection  against  compulsion  in  connec- 
tion'with  company  unions,  company  houses,  and  com- 
lian)'  stores.  As  the  result  of  a  writ  brought  by  the 
Carter  Coal  Co.  and  others,  the  Supreme  Court  on  May 
18,  1936,  declared,  by  a  five-to-four  decision,  the  act's 
labor  provisions  an  invasion  of  State  rights  and  thus 
bej'ond  the  constitutional  powers  of  the  Federal  Gov- 
ernment." Although  the  Court  reserved  judgment  on 
tlie  validity  of  the  price-fixing  and  unfair-trade  pro- 
visions, and  although  the  act  had  a  separation  clause 
stating  that  if  any  provision  Mas  held  invalid  the  re- 
mainder would  be  unaffected,  the  Court  held  the  entire 
act  as  a  unit  invalid  on  the  ground  that  the  provisions 
with  respect  to  price  fixing  and  determination  of  trade 
practices  in  interstate  trade  were  inextricably  linked 
with  the  invalid  labor  provisions. 

Tlie  act,  during  its  existence,  strengthened  the  posi- 
tion of  the  union  to  such  an  extent  that  tlie  miners 
were  in  a  position  to  bargain  with  tlie  operators.  The 
success  of  such  negotiations  depended,  in  part,  on  the 
operators'  having  sufficient  stability  to  meet  the  demands 
of  the  union.  Consequently,  labor  groups  were  willing 
to  support  reenactment  of  legislation  providing  for 
price-fixing  and  regulation  of  trade  practices,  even 
though  the  Court's  decision  of  May  18,  1936,  precluded 
r^ederal  regulation  of  wages  and  hours  on  the  basis 
specified  in  the  1935  act.' 

The  Bituminous  Coal  Act  of  1937 

After  the  1936  decision  of  the  Supreme  Court  declar- 
ing the  first  GulTey  Act  unconstitutional,  stej)s  were 
taken  at  once  to  amend  the  original  law  and  to  intro- 
duce it  into  Congress  as  a  new  bill.  Even  though  the 
House  of  Representatives  passed  the  bill  in  1936,  and 
even  though  there  was  only  feeble  resistance  generally 
to  reenactment.  Congress  adjourned  before  the  Senate 
took  action.  Tiie  bill,  however,  was  given  first  position 
on  the  Senate  calendar  when  Congress  reconvened,  and 
it  soon  received  legislative  approval.  The  Bitiuninous 
Coal  Act  of  1937  (commonly  known  as  the  Guffey- 
Vinson  Coal  Act)  became  effective  on  April  26,  1937. 
This  act  aimed  primarily  at  a  restoration  of  price  fix- 
ing for  the  industry.  Provisions  in  the  earlier  act  with 
regard  to  labor  were  not  repeated,  but  in  their  place  was 
inserted  a  declaration  of  labor  policy.  The  act  has  a 
projected  life  of  4  years  from  its  effective  date. 


•Weighted  average  cost  of  production  in  the  minimum  price  area  to 
Tvhich,  under  the  act,  a  district  belonged. 
129960 — 39 27 


•298  U.  S.  2.38  (193fi). 

''  Later  decisions  by  the  Supreme  Court,  of  course,  take  a  broader 
view  of  the  regulatory  power. 
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Objection  had  been  made  to  the  N.  R.  A.  Coal  Code 
and  to  the  1935  act  that  regulation  was  vested  in  dis- 
trict boards  representing  private  industry.'  Since  the 
constitutionality  of  this  provision  was  questioned,  the 
1937  act  vested  in  the  National  Bituminous  Coal  Com- 
mission, representing  the  Government,  the  power  to  de- 
termine and  make  effective  minimum  prices  for  coal, 
with  the  district  boards  of  operators  limited  to  pro- 
posal of  minimum  prices. 

Another  feature  of  the  new  act  having  a  direct  bear- 
ing on  its  legality  is  tliat  exj^enses  incurred  under  it  are 
not  linked  with  the  taxes  levied  on  coal  companies. 
Expenses  are  met  from  general  appropriations  made 
from  the  Federal  Treasury.  On  tlie  other  hand,  all 
bituminous-coal  producers  are  required  to  pay  an  ex- 
cise tax  to  the  Treasury  of  1  cent  per  net  ton  on  all  out- 
put except  that  sold  directl}'  or  indirectly  to  govern- 
mental bodies  for  their  own  use.  In  addition,  a  tax  of 
191/2  percent  is  levied  on  the  mine  price  of  coal  disposed 
of  by  sale  at  the  mine  or  on  the  fair-market  value  of 
coal  disposed  of  otherwise;  the  purpose  of  this  tax  is 
enforcement  of  the  act  instead  of  revenue,  and  the  tax 
is  not  collected  from  code  members  in  good  standing. 
Producers  certified  by  the  Coal  Commission  to  the  Com- 
missioner of  Internal  Eevenue  as  code  members  com- 
l^lying  with  rules  and  regulations  are  exemi>t  from  the 
191/^-percent  tax.  If  intrastate  companies  are  declared 
not  subject  to  the  jurisdiction  of  the  Commission,  they 
also  are  beyond  the  reach  of  the  tax.  In  spite  of  the 
apparent  sej^aration  of  the  administration  expenses  and 
the  taxes  collected,  it  is  evident  that  self-support  was 
a  consideration  in  tlie  levy  of  the  taxes."  Owing  to  the 
almost  universal  exemption  from  payment  anticipated 
for  the  ad^  valorem  tax,  the  specific  tax  of  1  cent  per  ton 
becomes  the  means  of  obtaining  the  revenue  necessary 
to  offset  the  expenses  incurred.  Collections  from  ihe 
specific  tax  would  have  been  about  $4,000,000  in  1936. 
This  amount  would  more  than  meet  the  cost  of  admin- 
istration.'" 

Members  complying  with  the  code  are  exempt  from 
the  Federal  antitrust  laws.  The  Bituminous  Coal  Code 
is  written  into  the  act  as  section  4.  The  code  provides 
for  23  district  boards,  each  to  consist  of  not  less  than 
three  nor  more  than  17  members.  One  member  is  to  be 
selected  by  the  organization  of  employees  representing 
the  preponderant  number  in  the  district.  Of  the  re- 
maining members,  one-half  are  to  be  chosen  by  a  ma- 
jority vote  of  the  number  of  members  and  one-half  by 
votes  cast  in  proportion  to  annual  tonnage  of  output. 


Members  of  the  district  boards  serve  as  such  without 
comiDensation,  but  they  may  be  reimbursed  for  their 
reasonable  expenses.  Expenses  of  administering  the 
code  by  the  respective  boards  are  borne  by  the  code 
members  on  a  tonnage  basis.  Allocation  of  voting 
strength,  in  part,  and  of  financial  support,  entirely,  on 
a  tonnage  basis,  of  course,  gives  large  producers  an  ad- 
vantage. Some  check  to  this  concentration  is  afforded 
by  the  jjrovision  that  not  more  than  one  officer  or  em- 
ployee of  any  code  member  within  a  district  shall  be  a 
member  of  the  district  board. 

The  National  Bituminous  Coal  Commission  is  com- 
posed of  seven  members  '^  appointed  by  the  President, 
by  and  Mith  the  advice  and  consent  of  the  Senate,  f o r  a 
maximum  term  of  4  years,  and  is  in  the  Department  of 
tlie  Interior.  Members  are  not  permitted  to  liave  any 
financial  interest  directly  or  indirectly  in  the  mining, 
transportation,  or  sale  of  coal  (including  nonbituminous 
coal),  oil,  or  gas,  in  the  generation,  transmission,  or  sale 
of  hydroelectric  power,  or  in  the  manufacture  of  equip- 
ment for  coal,  oil,  gas,  or  for  the  use  of  hydroelectric 
power.  They  are  not  permitted  to  engage  actively  in 
any  outside  business,  vocation,  or  employment.  Two 
members  of  the  Commission  are  required  to  have  been 
experienced  bituminous-coal  miners  and  two  to  have 
had  experience  as  iJroducers.  The  remaining  three 
members  need  not  have  either  of  these  qualifications. 
Although  the  Conunission  is  required  to  maintain  its 
princijDal  office  in  Washington,  D.  C.,  offices  elsewhere 
may  be  established.  The  time  and  place  of  meetings 
are  to  be  determined  bj'  a  majority  vote  of  the  members 
of  the  Commission.^^ 

The  Commission  lias  numerous  duties  with  regard  to 
collection  and  reporting  of  information.  It  is  obligated 
to  make  a  full  report  of  its  activities  annually  to  the 
Secretary  of  the  Interior  for  transmission  to  Congress. 
Each  of  the  districts  has  a  statistical  bureau,  an  agency 
of  the  Conunission  directed  to  serve  as  confidential  cus- 
todian of  reports  submitted  b}'  code  members.'^  Code 
members  are  required  to  report  to  the  statistical  bu- 
reaus all  spot  orders,  to  file  copies  of  sales  contracts, 
invoices,  and  credit  memoranda,  and  to  submit  such 
other  information  concerning  the  preparation,  cost,  sale, 
and  distribution  of  coal  as  the  Commission  shall  direct. 


'Hearings  before  a  subcommittee  of  the  Committee  on  Interstate 
Commerce,  United  States  Senate,  7oth  Cong.,  first  sess.,  on  S.  1,  p.  13. 

» Ibid.,  p.  19.  The  Senate  subcommittee  considered  a  tax  of  one-half 
of  1  percent  on  the  price  of  the  coal  instead  of  the  tax  of  1  cent  per  ton. 

'» Ibid. 


"  Under  the  1935  act  the  Commission  had  five  members.  A  Com- 
mission of  seven  members  was  organized  on  May  17,  1937.  Since  the 
resignation  on  April  6,  1938,  of  the  original  chairman  it  has  functioned 
with  six  members. 

^-  In  the  hearings  on  the  Senate  bill,  there  had  been  strong  agitation 
for  locating  the  office  in  or  near  the  coal  fields,  but  this  proposal  met 
resistance  from  many  Senators  who  feared  invalidation  of  the  measure 
if  the  Commission  were  not  patently  an  instrument  of  the  Government. 
The  provision  adopted  was  a  compromise. 

"  Under  the  1935  act  statistical  bureaus  were  a  part  of  the  district 
organization.  District  boards  may  maintain  separate  statistical  organi- 
zations, but  information  gathered  by  them  has  no  official  standing  with 
the  Commission.     See  Hcarinys,  op.  cit.,  p.  14. 
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The  Commission  may  prescribe  a  uniform  system  of 
accounting  for  costs,  wages,  operations,  sales,  profits, 
losses,  and  other  items  considered  in  the  administration 
of  the  act.  Furthermore,  no  person  is  excused  from 
testifying  or  producing  records  on  the  gi-ound  that  such 
action  may  tend  to  incriminate  him  or  subject  liim  to 
a  penalty  or  forfeiture.  Findings  of  the  Commission 
as  to  the  facts,  if  supported  by  substantial  evidence,  are 
to  be  considered  conclusive. 

Undoubtedly  the  outstanding  function  of  the  Com- 
mission is  the  fixing  of  fair  minimum  prices  for  bitumi- 
nous coal.  lender  the  act  each  district  board  is  to 
propose  mininuun  prices  free  on  board  at  the  mines, 
such  prices  to  }ield  a  return  per  net  ton  equal  as  nearly 
as  possible  to  the  weighted  average  cost  in  groups  of 
mining  .districts  designated  as  minimum  price  areas. 
The  Commission  may  approve,  disapprove,  or  modify 
the  minimum  prices  proposed  by  the  district  boards.'* 
Total  cost  used  in  arriving  at  the  price  (luotations  is 
sjiecified  to  include  the  cost  of  labor,  supplies,  power, 
taxes,  insurance,  workmen's  compensation,  royalties,  de- 
preciation anil  depletion  (as  determined  by  the  Bureau 
of  Internal  Keveime  in  the  computation  of  the  Federal 
income  tux) .  and  all  other  direct  exixMises  of  production, 
as  well  as  association  dues,  assessments  for  district 
board  expenses,  costs  of  administration,  and  reasonable 
costs  of  selling.  Only  tlie  lower-than-averagc-cost  pro- 
ducers in  each  minimum  price  ai-ea  will  have  a  residual 
income  properly  termed  profits  if  sales  are  made  at  the 
established  minimum  level. 

The  problem  of  pricing,  however,  is  not  so  simple  as 
the  cost  formula  suggests.  Average  cost  is  not  the  only 
factor  to  be  considered.  The  act  further  specifies  that 
minimum  prices  "shall  reflect,  as  nearly  as  possible,  the 
relative  market  value  of  the  various  kinds,  qualities,  and 
sizes  of  coal,  shall  be  just  and  equitable  as  between  i)r()- 
ducers  within  the  district,  and  shall  have  due  regard  for 
the  interests  of  the  consuming  public."  No  provision  is 
made  for  priority  of  claim  in  the  event  of  a  conflict  of 
interest.  Moreover,  there  is  superimposed  on  these  price 
requirements  the  further  requirement  of  coordination 
in  "conunon  consuming  markets  upon  a  fair  conq)etitive 
basis."  The  coordination  is  to  take  into  account  such 
factoi-s  as  classification  of  the  coal,  relative  market 
values  of  the  coal  at  the  points  of  delivery  (considera- 
tion being  given  to  "values  as  to  uses,  seasonal  demand, 
transportation  methods  and  charges,  and  their  effect 
upon  a  reasonable  opportunity  to  compete  on  a  fair 
basis"),  competition  between  coal  and  other  forms  of 
fuel  and  energy,  and  existing  fair  competitive  oppor- 
tunities.   Coordinated  prices,  it  is  specified,  shall  not  in 


any  district  reduce  or  increase  the  return  per  net  ton  on 
all  bituminous  coal  prodviced  to  cause  a  deviation  from 
the  minimum  price  more  than  is  necessary  for  the 
coordination.  The  Conunission  is  empowered  to  pre- 
scribe reast)nable  maxinuun  discounts  to  distributors 
who  resell  the  coal  in  not  less  than  cargo  or  railroad  car- 
load lots  and  to  retiuire  such  persons  to  observe  resale 
prices  and  marketing  rules  and  practices  established 
under  the  code.  Distributors,  even  though  they  do  not 
engage  in  coal  production,  therefore,  are  subject  to  con- 
siderable regulation,  and,  owing  to  the  power  of  the 
Commission  to  coordinate  minimum  prices  in  consumer 
markets,  it  sets  the  minimum  purchase  price  for  retail 
dealers.'^  Distributors  and  dealers  are  not  represented 
directly  on  either  the  Commission  or  the  district  boards, 
but  their  complaints  have  been  presented  by  the  Con- 
sumers' Counsel,  who  has  the  power  to  compel  a  hearing 
by  the  Commission  on  valid  complaints.'" 

It  is  the  duty  of  the  Consumers'  Counsel  to  appear  in 
the  interest  of  the  consuming  public  Ijefore  the  Com- 
mission and  to  conduct  inde[)endent  investigations  of 
the  coal  industiy  and  of  the  administration  of  the  act 
which  will  enable  him  properly  to  repre.sent  the  con- 
suming public.  He  may  require  the  Commission  to  sub- 
mit to  him  any  information  at  its  conunand.  He  is 
authorized  to  make  such  expenditures  as  are  necessary 
for  the  performance  of  the  duties  vested  in  him.  Tlie 
Counsel  is  appointed  by  the  President.  l)y  and  with  the 
advice  and  consent  of  the  .Senate,  and  he  may  not  have 
an  interest  in  the  coal  industry  or  related  industries,  a 
requirement  exactly  the  same  as  that  i)rovided  for  mem- 
bers of  the  Commission. 

When  the  Coimnission  deems  it  necessary  to  protect 
tiie  consumers  against  uin-easonably  high  prices  for 
bituminous  coal,  it  may  establish  maximum  prices  free 
on  board  transportation  facilities  for  coal  in  any  dis- 
trict, but  such  maxinuun  prices  must  reflect  a  uniform 
excess  above  the  existing  minimum  prices  so  that,  in  the 
aggregate,  the  maximum  prices  shall  yield  a  reasonable 
return  above  the  weighted  average  cost  of  the  district.'' 
Despite  the  power  of  the  Commission  to  fix  both  the 
minimum  and  the  maximum  prices,  it  cannot  close  the 
gap  between  the  two  levels  to  the  end  that  it  sets  the 


"  Under  the  act,  sales  contracts  entered  Into  since  June  16,  1933, 
the  date  of  enactment  of  the  National  Industrial  Recovery  Act.  are 
revolted  if  they  call  tor  prices  below  the  minimum  or  above  the  maii- 
mum  approved  by  the  Commission. 


">  Wholesale  discounts,  commissions,  rebates,  or  dividends  may  be 
granted  to  farmers'  cooperatives.  On  the  other  hand,  allowances  to 
urban  coojieratives  are  not  sanctioned. 

'"The  status  of  complaints  of  retail  dealers  is  obscure  under  the 
act.  The  Consumers'  Counsel,  however,  has  interpreted  his  function 
to  cover  selling  activities,  including  coo|)erative  marketing.  Such 
interpretation  appears  to  be  not  only  desirable  but  necessary.  (See 
Annual  Report,  Fiscal  Year  J9SS,  Consumers'  Counsel,  pp.  12  and  13.) 

'"  The  provision  of  the  act  for  maximum  prices  (sec.  4,  pt.  II,  subsec. 
(c))  is  ambiguous  and  needs  revision.  On  the  one  hand,  it  embraces 
the  principle  of  fair  return  above  average  cost  for  the  district,  and, 
on  the  other,  it  specifies  that  no  nia.\imum  price  shall  be  established 
for  any  mine  that  does  not  yield  a  fair  return  on  the  fair  value  of  the 
property.  Obviously  the  Commisison  cannot  fix  prices  on  the  basis  of 
average  cost  and  at  the  same  time  allow  a  fair  return  even  to  the 
highest  cost  producers. 
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exact  price.  The  Commission  has  no  legal  authority 
for  preventing  increases  above  the  minimum  unless  they 
yield  a  return  in  excess  of  what  is  ascertained  to  be 
reasonable.  Should  the  maximum  prices  be  contested, 
the  Commission  will  be  confronted  with  a  valuation 
problem  similar  to  that  of  the  Interstate  Commerce 
Commission.  Domination  of  the  market  by  a  group  of 
producers,  however,  is  only  a  remote  possibility.  The 
real  problem  is  ruinously  low  prices.  Interdistrict  com- 
petition in  the  industry  and  competition  with  other 
fuels  keep  prices  low.  Any  producer  may  slash  prices 
even  below  the  minimum  set  by  the  Conamission  if  he 
pays  the  penalty  tax  of  191/2  percent.  Undue  control 
of  the  market  also  may  be  held  in  check.  The  Commis- 
sion may  refuse  to  approve  membership  of  producers  in 
cooperative  selling  agencies,  on  the  ground  that  such 
agencies  will  imreasonably  restrict  the  supply  of  coal  in 
interstate  commerce,  will  prevent  the  public  from  re- 
ceiving coal  at  fair  and  reasonable  prices,  will  operate 
against  the  public  interest,  or  on  the  ground  that  they 
do  not  meet  the  marketing  regidations  established  by 
the  Commission.  Another  deterrent  to  large  price  in- 
creases— aside  from  the  normal  deterrents  in  this  higlily 
competitive  industry — is  the  possible  exemption  of 
intrastate  producers  from  membership  in  the  Code. 
Proponents  of  Federal  regulation  have  contended  that 
substantially  all  intrastate  transactions  in  bituminous 
coal  directly  affect  interstate  commerce  in  such  coal, 
and  that,  therefore,  they  are  subject  to  the  terms  of  the 
regulatory  act.^'  To  determine  the  extent  of  interde- 
pendence of  interstate  and  intrastate  commerce  in 
bituminous  coal,  the  Commission  has  conducted  investi- 
gations and  held  public  hearings  in  23  States.  In  North 
Carolina  intrastate  sales  were  found  to  have  no  direct 
effect  on  interstate  commerce.  In  all  other  States  where 
the  question  has  thus  far  been  decided,  the  intrastate 
shipments  have  been  found  to  be  subject  to  regulation, 
and  appropriate  orders  have  been  entered.  The  law 
provides,  however,  that  an  individual  producer  believ- 
ing that  his  business  does  not  affect  interstate  commerce 
may  apply  for  exemption  from  these  orders.  Liberal 
grants  of  exemption  to  intrastate  producers,  of  course, 
would  tend  to  defeat  the  purposes  of  the  act.  On  the 
other  hand,  even  limited  exemption  is  a  resti-aining  in- 
fluence on  price  manipulation.  In  sum,  it  does  not  ap- 
pear probable  that  the  power  to  invoke  maximum  prices 
will  have  to  be  utilized  in  the  near  future. 

Provision  is  made  for  cooperation  between  the  Na- 
tion Bituminous  Coal  Commission  and  the  Interstate 
Commerce  Commission.  To  safeguard  the  interests  of 
those  concerned  in  the  mining,  transportation,  selling, 
and  consumption  of  coal,  the  Coal  Commission  and  the 


ofBce  of  Consumers'  Coimsel  of  the  Commission  are 
vested  with  authority  to  make  complaint  to  the  Inter- 
state Commerce  Commission  with  respect  to  rates, 
charges,  tariffs,  and  practices  relating  to  the  transporta- 
tion of  coal  and  to  pursue  the  grievances.  Conversely, 
the  Interstate  Commerce  Coimiiission  is  authorized  to 
avail  itself  of  the  cooperation,  services,  records,  and 
facilities  of  the  Coal  Conmaission. 

Among  its  many  powers,  the  Commission  is  author- 
ized to  investigate  methods  of  increasing  the  uses  of 
coal,  problems  of  importation,  exportation,  economic 
operation  of  the  mines,  conservation  of  coal  resources, 
mine  safety,  lowering  of  marketing  costs,  and  the  need 
of  production  control.  Findings  are  to  be  reported  to 
the  Secretary  of  the  Interior  for  transmission  to 
Congress. 

In  this  connection  it  should  be  observed  that  there  is 
danger  of  needless  duplication  of  work  with  other 
branches  of  the  Federal  Government.  The  Bureau  of 
!Mines,  in  particular,  was  created  to  conduct  inquiries 
and  to  undertake  scientific  and  teclmologic  investiga- 
tions." It  has  spent  years  in  developing  a  competent 
personnel  and  in  establishing  necessary  cooperation  with 
operators.  The  distinction  to  be  drawn  is  that  the  Na- 
tional Bituminous  Coal  Commission  is  a  regulatory 
body  and  should  function  where  rules  and  regulations 
of  conduct  are  required,  whereas  the  work  of  the  Bureau 
of  Mines  and  other  similar  organizations  is  primarily 
of  a  research  character  and  involves  only  voluntary  co- 
operation with  the  industry. 

Unlike  the  earlier  Coal  Act.  the  new  act  has  no  pro- 
visions for  the  regulation  of  labor  relations,  these  pro- 
visions being  excluded  because  of  the  invalidation  of 
the  1935  act  by  the  Supreme  Court  in  the  Carter  Coal 
case  of  May  18,  1936.  Instead,  there  is  included  as  sec- 
tion 9  (a)  of  the  new  act  a  declaration  of  public  policj' 
with  regard  to  labor,  but  the  declaration  adds  nothing 
to  the  National  Labor  Relations  Act  alreadj'  declared 
constitutional  by  the  Court,  a  law  applicable  to  the 
bituminous  coal  industry  as  well  as  to  other  industries. 
The  National  Labor  Relations  Act  practically  reestab- 
lishes for  coal  miners  what  was  lost  in  the  Carter  Coal 
case.  Accordingly  organized  labor  has  been  quite  con- 
tent to  accept  the  Coal  Act  without  provision  for  the 
legal  protection  of  its  own  welfare.  Price-fixing  fea- 
tures, it  felt,  would  strengthen  labor's  position  through 
strengthening  the  economic  structure  of  the  industry. 

There  are  three  means  by  which  the  Coal  Act  many  be 
enforced:  (1)  The  Commission  may,  after  proper  hear- 
ings, order  a  member  to  cease  and  desist  f  I'om  violations 
and,  on  failure  of  the  member  to  comply  with  such 


^Federal  Register,  vol.  2,  No.  119,  June  22,  1937,  p.  1266. 


"  See  especially  sec.  2  of  the  amendment  passed  February  25,  1913. 
to  "An  Act  to  Establish  in  the  Department  of  the  Interior  a  Bureau  of 
Mines,"  the  original  act  having  been  approved  May  16,  1910. 
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order,  may  apply  to  a  circuit  court  of  appeals  for  en- 
forcement; (2)  the  Commission  may,  after  a  hearing 
and  30  days'  written  notice  to  the  member,  revoke  mem- 
bership in  the  code  and,  therewith,  the  riglit  to  exemp- 
tion from  the  IQi/^-percent  tax  on  the  price  of  coal; 
(3)  any  code  member  sustaining  injury  from  another 
member  may  sue  therefor  in  any  court  of  comjietent 
jurisdiction  where  the  defendant  resides  or  does  busi- 
ness and,  on  proper  proof,  recover  threefold  damages 
and  the  cost  of  the  suit,  including  a  reasonable  attor- 
ney's fee.  Any  producer  whose  membership  has  been 
revoked  may  be  reinstated  by  the  Commission  on  pay- 
ment to  the  United  States  of  double  the  amount  of  the 
191/4-percent  tax  on  the  coal  sold. 

The  Initial  Experience 
Under  the  1937  Act 

The  Bituminous  Coal  Code  provided  for  by  section  4 
was  promulgated  by  the  Commission  on  June  21,  1937, 
and  on  the  same  date,  by  Executive  Order,  taxes  au- 
thorized by  section  3  of  the  act  became  effective.^"  Sup- 
port of  the  1937  act  was  better  at  the  start  than  that 
given  the  1935  act.  On  November  19,  1938,  there  were 
11,909  code  members,  representing  about  95  percent  of 
the  output  for  1936,  but  taking  into  account  exemptions 
claimed  on  the  ground  that  the  coal  does  not  move  in 
commercial  markets,  the  membership  includes  all  but  a 
negligible  percentage  of  the  commercial  production. 

Producers'  boards  and  statistical  bureaus  were  estab- 
lished in  22  of  the  23  districts  in  bituminous  coal  pro- 
ducing areas  of  the  countrj'.  No  boards  or  bureaus 
have  been  established  in  the  district  covering  North  and 
South  Dakota  because  the  coal  is  below  rank  "bitumi- 
nous coal"  as  defined  in  section  17  of  the  act. 

Section  4,  pai't  II,  designates  three  steps  leading  to 
establishment  of  prices : 

1.  Determination  of  weighted  average  cost  of  produc- 
tion in  the  minimum  price  areas  named  in  the  act. 

2.  District  boards  propose  minimum  prices  and  mar- 
keting rules  and  regulations.  The  Commission  ap- 
proves or  modifies  the  prices. 

3.  District  boards  coordinate  the  prices  in  common 
consuming  markets  as  directed  in  the  act. 

Certain  eastern  boards  were  unable  to  complete  the 
coordination  within  the  allotted  time  and  the  Commis- 
sion took  over  the  work  piu'suant  to  section  6  of  the  act. 
On  November  30, 1937,  the  first  orders  were  issued  estab- 
lishing minimum  prices  and  marketing  rules  and  regu- 
lations. The  orders  became  effective  in  the  principal 
districts  on  December  10,  1937,  and  soon  thereafter  in 
the  other  districts.  They  were  effective  until  February 
25,  1938,  when  they  were  withdrawn  after  several  Cir- 


cuit Courts  of  Appeals  issued  restraining  orders  on  the 
basis  that  adequate  hearings  had  not  preceded  estab- 
lishment of  prices.  The  Commission  then  prepared  a 
more  comprehensive  procedural  program.  Itemized 
cost  data  were  gathered  for  the  base  year  1936,  and  these 
were  adjusted  for  subsequent  changes.  Concerns  re- 
ported for  1930  and  monthly  thereafter  throughout 
1937.  Actual  costs  were  also  tabulated  for  the  nine- 
month  period  April-December  1937 — after  new  wage 
scales  became  effective.  It  was  found  that  the  average 
costs  for  tlie  period  April-December  1937  were  about  11 
cents  per  ton  above  sales  realization.  This  difference  is 
an  indication  of  the  average  increase  in  price  contem- 
plated under  the  act  for  that  period.  Such  increases 
appear  to  be  extremely  small,  but  they  are  sufficient  to 
eliminate  a  menacing  deficit  on  the  huge  tonnage  of 
production. 

Preliminary  hearings  on  costs  were  held  at  Denver, 
Colo.,  for  the  far  western  districts,  June  10-10,  1938, 
and  for  the  other  districts  at  Washington,  D.  C,  July 
0-23.  The  full  Commission  was  present  at  all  the 
hearings. 

On  March  30,  1938,  the  Commission  announced  its 
decision  to  open  the  individual  cost  returns  of  produc- 
ers for  inspection  by  parties  who  could  show  proper  in- 
terest, but  it  was  enjoined  from  doing  so  by  a  restrain- 
ing order  issiied  on  behalf  of  the  Utah  Fuel  Company 
antl  oilier  producers.  The  United  States  Supreme 
Court,  on  February  5,  1939,  sustained  the  Commission 
in  its  action  to  disclose  the  cost  data.-'  Immediately 
the  Commission  opened  the  books  to  interested  parties 
and  announced  reopening  of  hearings.  In  the  meantime 
hearings  had  been  held  on  the  f.  o.  b.  mine  prices,  and 
more  fhan  9,000  pages  of  testimony  were  taken  under 
Greneral  Docket  No.  15,  the  cost-hearing  docket. 

Coordination  of  minimum  prices  involves  knowledge 
of  transportation  costs.  The  Traffic  Section  of  the 
Commission  is  compiling  freight  rates  for  coal  moving 
from  ever}'  origin  rate  group  to  all  destinations  served 
by  rail  in  the  United  States.  The  files  will  contain  more 
than  1,000,000  individual  rates. 

The  Commission  is  also  engaged  in  making  a  special 
statistical  study  of  the  distribution  of  coal  for  the  year 
1937.  This  study  is  undertaken  for  the  purpose  of 
providing  basic  data  to  be  used  in  calculating  the 
weighted  average  realization  derived  from  the  new 
price  schedules,  when  issued.  In  addition,  the  results 
of  the  study  will  be  of  material  value  in  the  price 
coordination  work. 

The  distribution  study,  when  completed,  will  show 
the  movement  of  coal  from  each  rail-shipping  mine  to 
city  of  destination,  by  class  and  size  of  coal,  by  consumer 
use,  by  freight-origin  groups,  and  by  market  area.   This 


^Second  Annual  Report  of  the  Sational  Bituminous   Coal  Commis- 
sion, Washington,  1939,  p.  1. 


"SS  Law  Ed.  402  (1939). 
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will  be  the  most  complete  study  of  tlie  movement  of  bi- 
tuminous coal  ever  made,  and  will  be  of  great  value  to 
all  persons  interested  in  the  bituminous-coal  industry. 

Copies  of  contracts  and  spot  orders  have  been  re- 
quired since  June  1937,  and  copies  of  all  invoices  and 
credit  memoranda  since  January  1,  1938.  The  number 
of  spot  orders  runs  to  hundreds  of  thousands  per  year 
artd  the  number  of  invoices  to  millions.  It  is  interesting 
to  note  that  the  average  invoice  received  covers  only  9i 
tons  of  coal. 

District  boards  were  directed  to  complete  by  March 
15,  1939,  coordination  of  minimum  prices  and  market- 
ing rules  and  regulations  in  common  consuming  mar- 
kets, but,  again,  as  in  the  latter  pait  of  1937,  most  of 
the  district  boards  failed  in  the  assignment.  There- 
upon the  Commission  proceeded  in  lieu  of  the  boards 
with  the  coordination.  Price  classifications  for  coal 
produced  by  each  code  member  will  have  to  be  com- 
pleted, and  comjDlaints  will  have  to  be  heard  before 
the  coordinated  prices  are  applied. 

Nine  cooperative  marketing  agencies,  whose  members 
had  an  aggregate  output  of  129,000,000  tons  in  1936, 
applied  by  November  15,  1938,  for  approval  under  sec- 
tion 12  of  the  act.  It  is  contended  that  the  agencies 
will  aid  in  enforcement.  Tlie  agencies  are  unlawful 
unless  member  producers  have  accepted  the  Code  pro- 
mulgated under  the  act.-- 

A  gigantic  task  confronts  the  Commission.  It  prob- 
ably will  be  some  time  before  the  machinerj-  for  control 
of  minimum  prices  is  again  ready,  but  price  control 
established  after  thorough  study,  such  as  has  been  un- 
dertaken, stands  a  better  chance  of  ultimate  success  than 
action  based  on  hasty  improvisations.  Much  of  the 
work  of  the  Commission  is  without  precedent,  and,  of 
course,  pioneering  is  more  difficult  tlian  operation  on  the 
basis  of  past  experience.  The  real  test  will  come  when 
price  regulation  is  reestablished  on  a  going  basis  and 
the  initial  stages  are  considered  to  have  been  past. 

Outlook  and  Probable 
Effects  of  Regulation 

Even  though  Federal  regulation  of  the  bituminous- 
coal  industry  will  encounter  perplexing  problems,  the 
prospects  are  that  the  new  Coal  Act  will  be  retained, 


^  Greater  dependence  on  self-regulation  by  means  of  marketing  agree- 
ments among  producers  and  distributors  is  the  chief  feature  of  a  bill 
(H.  R.  5119)  introduced  on  March  20.  1939,  by  Representative  Robert 
Allen,  of  Pennsylvania,  to  amend  the  coal  act.  The  bill  provides  for 
elimination  of  the  price-fixing  features,  the  1-cent  tonnage  tax,  the  dis- 
trict boards,  and  the  SO-day  limitation  on  contracts.  It  would  make 
information  submitted  by  producers  and  distributors  confidential  unless 
consent  for  disclosure  is  obtained  or  the  information  is  submitted  in 
hearings  before  the  Commission  or  a  court.  Membership  of  the  Com- 
mission would  be  reduced  from  seven  to  three,  and  jurisdiction  would 
extend  to  all  coal  except  anthracite.  The  bill  has  been  referred  to  the 
Committee  on  Ways  and  Means,  but  no  further  action  has  yet  (April 
12,  1939)  been  taken. 


perhaps  with  modifications,  through  the  4-j-ear  period 
fixed  for  its  duration  and  that  demands  will  be  made  for 
its  renewal  or  supersession  by  another  regulatory  act. 
It  appears  that  onlj'  an  unmistakable  reversal  in  the 
trend  of  recent  Supreme  Court  decisions  will  lead  to 
invalidation  of  the  act.  Miners  undoubtedly  will  be 
favorable  toward  the  act  unless  there  is  an  unforeseen 
setback  in  wage  rates  and  other  conditions  of  employ- 
ment. Although  it  is  difficult  to  see  why  the  majority 
of  operators  might  ojapose  the  regulation,  it  is  likely 
that  some  will  oppose  it  on  the  basis  that  it  weakens 
their  competitive  position,  establishes  a  level  of  prices 
sufficient  to  cover  onl}'  average  costs,  reduces  flexibility 
in  the  pricing  of  the  various  classes  of  coal,  and  en- 
courages the  use  of  substitute  fuels.  Opposition  may 
also  come  from  coal  consumers  and  coal  dealers,  since 
preservation  of  interdistrict  competitive  relationships 
requires  a  system  of  freight  absorption,  i.  e.,  "discrimi- 
nation" among  consumers.  The  fact  that  systems  of 
freight  absorption  (i.  e.,  basing-point  systems)  long 
have  been  under  Federal  attack  in  other  industries  may 
provoke  legal  resistance  hy  consumers.  The  more  se- 
rious threat,  however,  may  come  from  the  complex 
problems  of  administration.  Questions  of  legality  may 
require  such  meticulous  cai-e  in  procedure  that  the  aim 
of  flexibility  cannot  be  attained.  Moreover,  contradic- 
tions within  the  act  (e.  g.,  the  aim  of  covering  costs  on 
the  one  hand  and  the  aim  of  preserving  competitive 
relationships  on  the  other  hand)  are  cex'tain  to  present 
distressingly  acute  administrative  and  legal  problems. 

Undoubtedly,  the  Commission  is  aware  of  these  haz- 
ards, and  it  is  important  to  bear  in  mind  that  the  act 
accords  comparatively  broad  discretionary  powers  to 
the  Commission.  The  courage  and  intelligence  of  the 
Commission  will  determine  in  large  measure  how  equi- 
tably and  efficiently  the  act  is  made  to  operate,  although 
internal  inconsistencies  may  require  statutory  remedy. 
Growing  complexity  of  problems  will  tend  to  be  count- 
ered by  growing  experience  and  skill  in  administration. 
That  a  tolei'able  regulation  is  possible  is  indicated  by 
the  fact  that  substantially  the  same  kind  of  act  was  on 
a  working  basis  before  being  declared  invalid  in  the 
Carter  Coal  case. 

No  doubt  the  efforts  of  the  Commission  will  be  ab- 
sorbed mainly  in  administering  the  price-fixing  fea- 
tures of  the  act.  Under  the  National  Recovery  Admin- 
istration the  Code  Authority  had  responsibility  for 
about  30,000  minimum  coal  prices,  and  no  reduction  in 
that  number  was  contemplated  under  the  jsresent  act ; 
in  fact,  multiplication  of  the  nimiber  is  certain.-^ 
Individual  consideration  cannot  possibly  be  given  to 
many  thousands  of  prices.  If  onh^  one  minute  wei'e  de- 
voted to  each  price   (some  should  be  given  hours  of 


^  Heanngs,  op.  cit.,  p,  78. 
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time),  it  would  require  63  days  of  eight  hoiu-s  each  to 
examine  a  list  of  30,000  prices.  Moreover,  changes  will 
be  made  among  the  prices  for  the  various  classes  of 
coal;  petitions  and  complaints  in  regard  to  the  jirices 
will  be  received. 

Under  the  act.  average  cost  of  jn'oduction  is  tiie  basis 
for  determining  tlie  level  of  tiie  mininunn  prices.  In 
view  of  the  attempt  to  gmxrantee  coverage  of  costs,  it 
might  be  thought  tliat  coal  producers  would  have  the 
incentive  to  count  into  e.xpeiKlituros  every  possible  item. 
It  must  be  remembered,  however,  that  each  producer 
and  each  district  likewise  has  the  incentive  of  securing 
a  price  low  enough  to  permit  the  retention  or  extension 
of  his  or  its  markets. 

Moreover,  price  increases  for  coal  are  recognized  in 
the  industry  as  a  not  unmixed  blessing.-^  Higher  prices 
for  coal  are  a  direct  penalty  to  consumers  of  coal,  and, 
unless  great  care  is  exercised,  they  are  likely  to  have 
advei-se  effects  on  the  coal  industry.  Greater  economy 
in  the  use  of  coal  and  accelerated  shifting  to  substi- 
tute fuels  are  almost  certain  consequences.  Within  the 
industry,  new  competition  nuiy  spring  up  if  and  when 
it  is  realized  that  the  coal  industry  may  offer  prospect 
of  profits  coupled  with  loss  limitation.  Thus,  higher 
prices  may  stinndatc  additions  to  capacitj'  in  an  indus- 
try already  suffering  from  excess  capacity. 

Although  the  act  does  not  provide  for  direct  admin- 
istration of  labor  relations,  no  doubt  the  act  is  favorable 
to  the  interests  of  the  minei-s.  Higher  wage  rates,  how- 
ever, will  stimulate  the  introduction  of  labor-saving 
machines.  Owing  to  some  assurance  against  loss  and 
to  improved  financial  condition,  operators  will  feel 
freer  to  make  capital  outlays  for  mechanization  of  the 
mines. 

A  shift  of  competition  from  a  price  to  a  quality  basis 
is  another  possible  effect  of  the  regulation.  If  pro- 
ducers are  no  longer  permitted  to  attract  trade  by  offer- 
ing price  concessions,  they  may  be  expected  to  redouble 
their  effoi-ts  to  raise  the  standards  of  quality  and  service 
to  a  higher  level  (even  to  tiie  extent  of  undcrclassifica- 
tion).  There  is  also  the  prospect  that  coal  producers, 
denied  the  right  to  use  price  cutting  as  a  competitive 
weapon,  nux}-  turn  to  the  field  of  distribution  to  expand 
their  markets.  The  price  structure  established  by  the 
Commission  may  tend  to  encourage  the  adoption  by  pro- 
ducers of  this  added  function. 

Finally,  it  may  be  observed  that  the  extent  of  ex- 
emption from  Federal  regulation  accorded  to  intrastate 
producers  is  not  yet  a  settled  question.  A  court  battle 
relating  to  exemption  of  intrastate  producers  from  the 
lOVo-percent  tax  and  other  provisions  of  the  Coal  Act 


has  been  started.  If  liberal  exemption  is  granted  for 
coal  sold  in  intrastate  channels,  Federal  regulation  of 
tlie  industry  will  be  greatly  weakened  if  not  rendered 
ineffective.  Tiie  implication  of  tlie  Carter  Coal  case  de- 
cision is  that  the  price-lixing  features  of  the  1935  Coal 
Act  are  constitutional.  The  1937  act  was  written  so  far 
as  possible  to  stay  within  the  limits  of  the  Court  deci- 
sion, and,  therefore,  a  presumption  of  legality  seems 
reasonable.-'  Moreover,  the  Court  was  divided  live  to 
four  on  the  majority  opinion.  A  subsequent  change  of 
attitude  on  what  constitutes  (1)  conunerce  and  (2)  in- 
tei-statc  commerce  should  be  noted.  Labor  ])rovisions 
of  the  1935  act  were  declared  illegal  on  I  lie  giound  that 
they  applied  to  production  rather  than  to  commerce, 
and,  therefore,  that  they  did  not  fall  within  the  inter- 
state commerce  power  of  Congress.  Three  history- 
making  opinions  delivered  by  the  Supreme  Court  on 
April  12,  1037,  have  upset  previous  notions  not  only 
with  regard  to  the  dividing  line  between  production  and 
commerce  but  also  to  the  extent  of  Federal  jurisdiction 
over  commerce.""  In  the  Jones  and  Laughlin  Steel  Cor- 
poration case,  it  was  indicated  that  even  though  activi- 
ties be  intrastate  when  separately  considered,  if  they 
bear  a  "close  and  substantial"  relationshiii  to  interstate 
commerce,  so  that  control  is  needed  to  protect  that  com- 
merce from  "burdens  and  obstructions,"  Congress  can- 
not bo  denied  power  to  exercise  control.  Although  all 
tJiree  concerns  involved  in  the  cases  were  producing 
(manufacturing)  organizations,  they  were  declared  sub- 
ject to  Federal  regulation  under  the  interstate  connnerco 
clause. 

An  opinion  involving  the  National  Labor  Relations 
Board  and  the  Consolidated  Edison  Company  of  New 
York  (the  company  serving  3,.'5OO,O0O  customers  in  New 
York  City  and  Westchester  County,  New  York),  de- 
livered December  5,  1938,  further  clarifies  the  position 
of  the  Court.-'  In  this  case  it  was  decided  that,  despite 
the  intrastate  character  of  the  power  company  business, 
the  company  supplied  service  to  transportation  and 
communication  industries  and  to  Government  activities 
wliich  "in  their  totality  rise  to  such  a  degree  of  import- 
ance that  the  fact  that  they  involved  but  a  small  part  of 
the  entire  service  rendered  by  the  utilities  in  their  ex- 
tensive business  is  immaterial  in  the  consideration  of  the 
existence  of  the  Federal  protective  powei-."  It  is  pos- 
sible that  the  existence  of  public  utility  status  may  have 
led  the  Court  to  attach  a  higher  degree  of  Federal  inter- 


"  See  Unemployment  anil  Relief,  Hearinga  on  Senate  Resolution  36, 
T5th  Congress,  third  sess.,  vol.  1,  January  4  to  22,  1938,  p.  519. 


»0n  February  16,  19,'?9,  a  tlirce-judgc  statutory  court  in  tlie  U.  S. 
Court  of  Appeals  for  the  District  of  Columbia  held  the  price  fixing 
provisions  legal.     Cf.   Black  Diamond.  February  25,  19.'39.  p.  10. 

'^  National  Labor  Relations  Board  vs.  Jones  and  Laughlin  Steel  Cor- 
poration, 3(11  V.  S.  ."(T  ;  Xational  Labor  Relations  Board  vs.  Fruchauf 
Trailer  Company,  301  V.  S.  5S-54  ;  yational  Labor  Relations  Board  vs. 
I'riedmanllarry  Marks  Clothing,  301  V.  S.  72-74. 

«8.3  Law.  E.i.  l.-il   (193S). 
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est  to  the  company  than  it  would  have  attached  to  a 
nonutility  company,  but  this  fact  seems  not  to  have  been 
given  any  considerable  weight. 

In  1929  about  74  percent  of  the  total  national  supply 
of  bituminous  coal  available  for  sale  entered  directly 
into  interstate  commerce  or  was  delivered  to  carriers 
subject  to  regulation  by  the  Interstate  Commerce  Com- 
mission.^^ Extension  of  Federal  regulation  to  cover  a 
major  share  of  the  intrastate  commerce  in  addition 
to  the  interstate  commerce  would  leave  only  a  small 
percentage  of  the  total  beyond  the  reach  of  Federal 
jurisdiction. 

Much  of  lasting  value  has  been  accomplished  by  the 
experiments  in  regidation  already  attempted.     In  the 


»F.  G.  Tryon  and  W.  H.  Young.  "DUtribution  of  Bituminous  Coal, 
Classified  as  Interstate,  Intrastate  and  Railroad  Fuel,  1929,"  Swp- 
plement  to  Monthly  Coal  Distribulion  Report  Xo.  58  (mimeograpted), 
United  States  Bureau  of  Mines.  The  percentage  quoted  does  not  in- 
clude "local  sales,"  aggregating  4.37  percent  of  the  total.  A  small 
but    indeterminate   part   of   these   sales   entered   interstate   commerce. 


first  place,  a  stable  level  of  wages  has  been  maintained 
since  the  drive  for  unionization  of  the  miners  during 
the  early  days  of  the  N.  R.  A.  Although  falling  short 
of  its  objective,  the  achninistration  of  the  1937  Coal  Act 
has  furnished  considerable  experience  and  should  help 
to  indicate  the  way  to  progi'essive  action.  Whatever 
form  of  regulation  is  attempted  in  the  future,  and  it  is 
generally  conceded  that  some  form  of  regulation  is 
necessary,  it  will  be  well  to  make  changes  only  after 
careful  comparison  of  performance  under  the  act  with 
that  in  previous  periods. 

Despite  all  possible  steps  taken  to  restore  order  to  the 
coal  industry,  there  will  remain  the  problem  of  compet- 
ing fuels.  The  economics  of  the  coal  industry  and  of 
oil,  gas,  and  water  power  call  for  a  coordinated  energy 
policy  for  the  Nation — not  detailed  administration,  but 
rather  a  policy  that  leads  enterprise  to  make  a  better 
adjustment  of  energy  utilization  to  availability  of 
resources. 


CHAPTER  2.— ECONOMIC  AND  SOCIAL  CONTROL  OF  THE  COAL  MINING  INDUSTRY 

IN  EUROPE ' 

By  Lewis  L.  Lorwin '  and  Arthur  VVubnig ' 


The  development  of  a  system  of  economic  and  social 
control  for  the  coal-mining  industry  in  the  United 
States  has  its  parallel  in  other  countries  and  may  thus 
be  regarded  as  part  of  a  world-wide  tendency.  In  most 
countries  where  coal  mining  is  important,  but  especially 
in  Europe,  the  coal-mining  industry  is  rapidly  evolving 
out  of  the  economics  of  "free  competition"  into  the  eco- 
nomics of  "control";  in  all  European  countries  where 
coal  is  mined  on  a  large  scale,  its  production,  market- 
ing, and  pricing  are  largeh*  governed  by  combines, 
cartels,  and  marketing  schemes  which  have  a  public 
or  semipublic  status,  and  by  special  regulatory  legis- 
lation. Furthermore,  regulator}'  devices  to  govern  the 
flow  of  world  trade  in  coal  and  coke  have  also  begun 
to  evolve. 

The  Growth  of  Control  Schemes 
in  European  Coal  Mining 

Certain  tendencies  toward  tlie  integration  and  com- 
bination of  collieries,  toward  public  and  quasi-public 
regulation  of  coal  mining  had  made  headway  in  Eurojjc 
long  before  the  outbreak  of  the  World  War.    Thus,  the 


'  This  seclion  is  summarized  from  the  Report  of  the  International 
Labor  Office  to  the  Technical  Tripartite  Meeting  on  the  Coal  Mining 
Industry,  Geneva,  May  1938.  See  pt.  I,  ch.  9.  Because  of  the  date  at 
which  that  report  was  prepared,  it  could  take  no  account  of  the  impor- 
tant territorial  modifications  in  Central  Europe  during  the  autumn  of 
1938  and  the  spring  of  1939. 

^  Economic  Adviser  to  the  International  Labor  Office. 

•  Member    of   Economic    Section   of   the    International    Labor   Office. 


great  regional  cartels  of  Germany  (above  all,  the  Rhen- 
ish-Westphalian  Coal  Syndicate)  came  into  being  in  the 
last  decade  of  the  19th  century ;  that  same  decade  also 
saw  the  founding  of  the  Central  Committee  of  Collieries 
in  France  and  the  first  significant  steps  toward  amalga- 
mation of  collieries  in  Great  Britain.  These  early  ten- 
dencies were  considerably  forwarded  during  the  years 
of  the  World  AYar.  Each  belligerent  power  was  under 
the  double  necessity  of  exploiting  to  the  full  all  its 
mining  facilities  and  of  applying  the  largest  possible 
supplies  of  coal  to  the  greatly  enlarged  demands  of 
mimitions  and  armaments  factories,  metallurgical  and 
chemical  plants,  the  railroads,  and  the  merchant  marine. 
In  almost  every  belligerent  country  the  coal-mining 
industry  was  placed  under  strict  governmental  control, 
direct  or  indirect,  to  stimulate  production  and  to  ration 
consumption. 

Although  the  rigid  war-time  controls  were  relaxed 
with  the  return  of  peace,  the  post-war  period  up  to  1929 
brought  into  play  forces  which  gave  added  strength 
to  the  evolution  of  regulatory  devices.  Throughout 
Europe  the  productive  capacity  of  coal  mining  rose  to 
ever-higher  levels ;  new  mining  facilities  were  developed 
in  Germany  (lignite),  in  Belgium  (the  Campine  Field), 
in  the  neutral  countries  (e.  g.,  Spain  and  the  Nether- 
lands,; a  great  shift  from  hand  mining  to  mechanical 
mining  took  place — above  all  in  Germany  (the  Ruhr) ; 
reconstruction  of  devastated  mines  enlarged  the  pre- 
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war  capacities  of  France  and  Belgium.  At  the  same 
time  the  growth  of  demand  for  coal  in  Europe  and  else- 
where was  iield  down  by  two  technological  factors  above 
all :  (1)  by  the  progress  of  fuel  efficiency  in  metallurgi- 
cal and  thermo-electric  works,  in  steam-raising  plants 
as  well  as  on  railways  and  steamships;  and  (2)  by  the 
substitution  for  coal  of  fuel  oil  (the  merchant  marine) 
and  of  water  power  (Switzerland,  Sweden,  Italy). 
Simultaneously,  the  pre-war  channels  of  the  world 
coal  trade,  and  especially  of  the  coal  trade  in  Europe, 
were  radically  transformed  under  the  impact  of  deliv- 
eries of  coal  as  reparations  in  kind  and  of  the  shift  of 
mining  facilities  from  old  to  new  political  sovereign- 
ities; the  volume  of  trade  was  made  to  suffer  at  the 
same  time  by  the  growing  pressure  of  economic  nation- 
alism. 

In  the  course  of  this  three-fold  evolution,  coal  mining 
in  Europe  was  brought  face  to  face  with  a  problem  of 
'■surplus  capacity"  which  was  as  acute  as  it  was  far 
reaching.  Xational  and  international  experiments  for 
the  control  of  the  industry  were  the  response.  In  Great 
Britain,  during  1927  and  1928,  at  least  three  mining 
districts — South  AVales,  five  Midland  Counties,  and 
Scotland — were  led  to  experiment  with  local  schemes 
for  the  control  of  output  and  capacity,  of  marketing 
and  pricing.  In  Germany,  the  pre-existing  regional 
cartels  came  to  acquire  a  compulsory  legal  status  as  the 
sequel  to  the  legislation  of  1919  (which  had  the  eventual 
collectivization  of  coal  mining  as  its  nominal  end  in 
view).  In  Poland  the  Polish  Coal  Convention  was  set 
up  in  1925  as  a  national  integration  of  three  district 
cartels.  In  1927  an  international  understanding  to 
maintain  reasonable  price  levels  in  their  sales  to  certain 
French  markets  was  reached  by  the  colliery  owners  of 
the  Xorth  of  France,  the  Ruhr  Basin  in  German}',  Bel- 
gium, and  the  Netherlands. 

Far-reaching  experiments  in  the  contrivance  of  regu- 
latory devices  were  gi'eatly  stimulated  after  1929  by  the 
economic  difficulties  of  the  Great  Depression  and  by  the 
movement  toward  national  self-sufficiency;  this  stimu- 
lus still  continues  in  force.  The  coal  mining  industry  of 
Great  Britain  has  been  made  to  function  under  a  na- 
tional system  of  control  by  virtue  of  the  Coal  Mines 
Act  of  1930  as  subsequently  amended;  the  regional  coal 
cartels  of  Germany  have  been  "coordinated"  (since  1933) 
within  the  framework  of  a  "totalitarian"  economy;  the 
Polish  Coal  Convention  has  been  expanded  to  cover 
the  overseas  export  trade  and  turned  to  fuller  use  as  an 
instrument  of  national  economic  policies  (1932  and  sub- 
sequently) ;  a  system  of  zoning  home  markets  and  of 
maintaining  minimum  prices  has  been  worked  out 
among  the  mining  districts  of  France  (since  1931) ; 
national  control  schemes  have  been  set  up  for  the  col- 
lieries and  cokeries  of  Belgium  (since  1935).    An  inter- 


national agreement  to  regulate  export  volumes  has  been 
reached  between  the  colliery  owners  of  Great  Britain 
and  Poland  (1934,  renewed  in  1937);  wliile  an  inter- 
national coke  cartel  has  been  set  up  by  the  exporting 
interests  of  Germany,  Great  Britain,  the  Netherlands, 
Belgium,  and  Poland  (since  1937).^  Tiie  international 
trade  in  coal  and  coke,  especially  as  between  Eurojiean 
countries,  has  come  under  the  rule  of  bilateral  accords, 
barter  agreements,  preferential  trade  treaties,  quota 
limitations  of  imports,  payment  restrictions  in  foreign 
exchange,  and  clearing  agi'eements.  There  has  emerged, 
in  sum,  an  intricate  network  of  regulations,  intra- 
national and  international,  which  covers  the  whole  of 
Europe's  coal-mining  industry. 

Integration  as  a  Factor 

in  European  Control  Schemes 

Underlying  this  highly  developed  system  of  national 
and  international  economic  control  is  a  condition  of 
advanced  financial  integration,  horizontal  as  well  as  ver- 
tical. Both  forms  of  integration  are  found  side  by  side 
in  all  European  countries ;  in  manj-,  if  not  in  most  cases, 
the  same  community  of  ownersliip  which  extends  over 
a  number  of  coal  or  lignite  workings  (horizontal  inte- 
gration) also  extends  over  a  financial  complex  of  col- 
lieries and  other  industrial  works  (vertical  integration). 

Except  for  bituminous  coal  in  Great  Britain  and  lig- 
nite deposits  in  Czechoslovakia,  horizontal  integration 
of  mining  facilities  is  far  advanced  in  all  European 
countries.  In  the  Soviet  Union,  under  a  "collectivist" 
regime,  the  whole  of  the  coal-mining  industry  is  oper- 
ated as  one  giant  State  enterprise.  In  Germany  the 
entire  output  of  the  Ruhr  Basin  is  obtained  by  33  under- 
takings and  that  of  the  Aachen  district  by  four  enter- 
prises; the  coal  mines  of  the  Saar  are  all  State-owned; 
a  handful  of  producing  interests  account  for  almost  all 
of  the  output  of  West  Silesia;  lignite  capacity  is  like- 
wise concentrated  in  a  few  hands.  The  total  productive 
facilities  of  France  are  under  the  ownership  of  about 
100  undertakings;  11  enterprises  out  of  26  are  respon- 
sible for  more  than  nine-tentlis  of  the  regional  produc- 
tion in  Xord  and  Pas-de-Calais,  while  the  whole  ton- 
nage of  Lorraine  is  obtained  by  two  huge  undertakings. 
In  Poland  the  complete  capacity  of  East  Upper  Silesia 
is  worked  by  less  than  20  colliery  enterprises,  which  are 
so  merged  together  for  marketing  purposes  that  almost 
the  whole  of  this  basin's  output  is  marketed  through  6 
sales  concerns.     In  the  Netherlands  two-thirds  of  the 


<  Early  In  10.39,  there  were  unolHcial  reports  In  the  European  press 
that  an  a^grecmcnt  on  export  tonnages  and  on  export  markets  had  been 
reached  between  the  coal  mine  owners  of  Great  Britain  and  Germany, 
and  that  this  agreement  would  presently  be  generalized  to  Include  all 
European  countries  exporting  raw  coal.  Soon  after  these  reports  were 
published,  considerable  political  tension  developed  In  Europe,  so  that 
useful  details  of  the  agreements  are  not  available  at  this  time. 


418 


National  Resources  Committee 


national  output  is  controlled  by  4  State-owned  mines, 
■while  the  remainder  comes  from  4  private  collieries.  In 
Belgium,  wjiere  the  colliery  operations  number  80-odd, 
almost  half  of  the  outjjut  is  controlled  by  a  few  invest- 
ment banks,  which  own  large  blocks  of  shares  in  col- 
liery undertakings.  In  Great  Britain  the  entire  anthra- 
cite capacity  of  South  Wales  is  worked  by  what  may  be 
regarded  for  all  practical  purposes  as  a  single  com- 
munity of  financial  interest.  And  although  ownership 
of  bituminous  facilities  is  widely  diffused  in  Great  Brit- 
ain, about  three-fourths  of  the  productive  capacity  is 
concentrated  in  about  one-half  of  the  pits  and  in  about 
one-fourth  of  the  jjroducing  interests.  Despite  the  ab- 
sence of  integration  in  the  lignite  workings  of  Czecho- 
slovakia, about  nine-tenths  of  the  output  of  bituminous 
coal  is  obtained  by  10  enterprises.^ 

In  all  European  countries  the  vertical  integi-ation  of 
collieries  with  other  industrial  plants  is  supei-imposed 
on  the  horizontal  integi'ation  of  collieries  by  them- 
selves. In  Germany,  well  over  two-thirds  of  the  output 
of  the  Ruhr  is  obtained  from  collieries  which  are  joined 
in  common  ownership,  private  or  State,  with  iron  and 
steel  works,  other  metallurgical  works,  thermo-electric 
stations,  chemical  and  gas  supply  plants,  railroads,  ar- 
senals, and  shipyards,  etc.  All  the  output  of  Aachen 
and  virtually  all  that  of  West  Upper  Silesia  are  likewise 
obtained  from  "factory"  mines  which  are  bound  in  ties 
of  common  ownership  to  metallurgical  works;  the 
State-owned  collieries  of  the  Saar  supply  much  of  their 
output  to  industrial  plants,  public  utilities,  and  trans- 
port enterprises  that  are  also  State-owned;  much  of 
the  lignite  capacity  is  "captive"  to  the  needs  of  thermo- 
electric and  chemical  plants  or  of  sugar  refineries,  paper 
mills,  cellulose  plants,  glass  and  porcelain  works.  Al- 
though commercial  collieries,  which  mine  exclusively 
for  open-market  sales,  raise  the  gi-eat  bulk  of  bitumi- 
nous output  of  Great  Britain,  many  of  the  larger  bitu- 
minous properties  are  owned  by  or  form  a  financial 
entity  with  iron  and  steel  works.  In  South  Wales, 
moreover,  the  anthracite  collieries  are  interlocked  finan- 
cially with  chemical  undertakings  in  particular.  In 
France,  not  more  than  one-tenth  of  the  national  output 
of  coal  (mainly  in  Lorraine)  is  obtained  by  "captive" 
mines  which  supply  the  fuel  requirements  of  metallur- 
gical or  chemical  works  or  railway  systems.  On  the 
other  hand,  the  great  bulk  of  the  national  capacity 
belongs  to  collieries  which  are  tied  in,  through  inter- 
locking communities  of  financial  interest,  with  metal- 
lurgical and  chemical  works,  with  thermo-electric 
plants,  and  with  gas  supply  stations.     In  Belgiiun, 


^  The  situation  in  Czeclioslovaliia  as  here  described  refers  to  the  period 
bsfcre  the  territorial  cl'anges  of  Septemher  193S  and  before  the  larger 
territorial  changes  of  March  1939.  The  result  of  these  changes  was 
that  practically  all  of  the  coal  mining  capacity  of  Czechoslovakia  was 
transferred  to  Poland  or  came  under  effective  control  by  Germany. 


the  existence  of  true  "captive"  mines  (attached  to 
iron  and  steel  works)  is  supplemented  by  the  com- 
nion  control  which  a  few  investment  banks  exercise  over 
much  of  the  metallurgical  and  mining  capacity.  Inte- 
gration of  privately  owned  collieries  with  metallurgical 
works  and  of  State-owned  collieries  with  State-owned 
railways  is  highly  developed  in  the  East  Upper  Silesia 
district  of  Poland.  Autonomous  undertakings  are  the 
general  rule  in  Czechoslovakia,"  but  a  substantial  part 
of  the  national  output  comes  from  "captive"  and  from 
State-owned  mines.  In  the  Netherlands,  mucli  of  the 
output  of  the  State  mines  goes  to  satisfy  the  fuel  and 
power  requirements  of  other  public  undertakings. 

The  National  Schemes  of  Control  in  Europe 

The  national  control  schemes  of  Europe  are  aimed  as 
much  toward  meeting  the  marketing  problems  of  world 
trade  as  toward  coping  with  the  internal  problems  of 
the  several  national  economies.  This  duality  of  purpose 
arises,  first,  from  the  high  ratios  of  export  shipments  to 
total  output  in  such  countries  as  Great  Britain,  Ger- 
many, Poland,  the  Netherlands,  and  Belgium ;  and  sec- 
ond, from  the  considerable  volume  of  import  shipments 
into  several  of  the  coal-mining  countries  such  as  France, 
Germany,  Netherlands,  and  Belgium.  The  control 
schemes  are  described  below  as  they  existed  of  recent 
date  (1936-1938)  in  the  main  coal  producing  countries 
of  Europe. 

The  Soviet  Union. — The  control  of  coal  mining  in  the 
Soviet  Union  is  a  unique  case.  Subject  to  the  directives 
of  national  planning  on  the  basis  of  the  collective  owner- 
ship of  all  the  means  of  production,  the  fundamental 
l^rinciple  is  that  of  State-owned  properties  to  be  man- 
aged by  State  trusts.  Thus,  in  coal  mining  more  tlnin 
nine-tenths  of  the  productive  capacity  is  worked  by  42 
regional  trusts  which  are  grouped  under  the  Glavugol. 
an  organ  of  the  Conmiissariat  for  Heavy  Industry. 

Germany. — The  profound  changes  which  the  eco- 
nomic order  of  Germany  has  undergone  since  1933  and 
which  it  is  still  undergoing  today  are  more  or  less  com- 
mon knowledge,  so  that  it  is  unnecessary  to  attempt 
here  even  a  cursory  sketch  of  the  evolving  structure  of 
State  control.  So  far  as  coal  mining  is  concerned,  two 
broad  tendencies  may  be  noted :  first,  the  emergence  of 
an  elaborate  pyramid  of  regulation  with  its  base  in 
regional  cartels,  its  intermediate  structure  in  such  bodies 
as  the  National  Coal  Federation  and  the  Economic 
Group  of  the  Mining  Industry  and  its  apex  in  the 
Minister  of  National  Economy ;  second,  the  ever-closer 
articulation  of  coal  mining  into  a  "totalitarian"  struc- 
ture which  covers  the  whole  of  the  national  economic 
life. 


'  See  footnote  above. 
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For  practical  purposes  it  will  suffice  to  consider  the 
set-up  and  activities  of  the  rej^ional  cartels  into  which 
the  entire  productive  coal  capacity  of  coal  mining  is  or- 
ganized. Under  the  new  form  of  t}ie  State  since  1933  as 
under  the  old  form  of  tlie  post-war  years,  it  is  tliese 
regional  cartels  whicli  underlie  and  give  effect  to  the 
economic  control  of  coal  mining  in  Germany;  their 
significance  for  control  arises  out  of  the  powers  which 
they  wield  over  output  and  sales,  over  marketing  and 
prices.  Every  colliery  is  under  the  legal  compulsion  of 
adhering  to  the  regional  cartel  of  its  own  district;  so 
that  the  cartels  might  be  described  as  quasi-public  bodies 
which  make  up,  in  tlieir  totality,  a  system  of  (juasi- 
public  control. 

There  arc  10  such  regional  cartels;'  of  these,  the 
Ehenish-Westphalian  Coal  Syndicate  is  by  far  the 
weightiest,  for  its  member  collieries  produce  over  four- 
fifths  of  the  national  output  of  bituminous  and  anthra- 
cite and  supply  almost  the  whole  of  Germany's  exports 
of  raw  coal.  Other  major  regional  syndicates  are:  for 
coal,  those  of  West  Upper  Silesia  and  of  AVest  Lower 
Silesia;  and  for  lignite,  those  of  the  Lower  Rliineland, 
Central  Germany,  and  East  of  the  Elbe.  It  might  be 
well  to  consider  the  Rhenish-Westphalian  Coal  Syndi- 
cate as  a  representative  case. 

This  is  a  highly  developed  cartel  to  which  all  collieries 
of  the  Ruhr  and  Aachen  districts  are  required  to  belong 
and  to  which  the  State-owned  mines  of  the  Saar  also 
adhere.  First,  the  Syndicate  allots  output  quotas  and 
sales  shares  to  each  of  its  member  collieries.  The  output 
quotas  fix  the  total  tonnages  wliich  any  mine  may  raise 
and  the  sales  shares  fix  the  total  tonnages  which  any 
mine  may  sell.  Second,  the  Syndicate  acts  as  the  ex- 
clusive agent  through  wliich  every  member  colliery  must 
market  the  whole  of  its  sales  share  (as  distinct  from  the 
tonnages  mined  for  colliery  fuel,  for  self-consumption 
by  industrial  woi'ks  under  conmion  ownership,  for  cheap 
sale  or  fi'ee  delivery  to  mine  workers,  etc. ) .  This  means 
that  the  Syndicate  is  an  instrument  for  centralized  mar- 
keting of  output  in  home  and  foreign  markets.  Third, 
the  Syndicate  fixes  the  minimum  pithead  prices,  of  offi- 
cial force,  which  shall  prevail  for  qiuiiitity  sales  to  any 
and  to  all  of  the  "noncontested"  home  inai-kets  where 
it  enjoys  a  complete  or  practical  monopoly.  Its  "non- 
contested"  markets  include  the  whole  of  Germany  save 
for  the  cities  of  Hamburg  and  Bremen  and  the  regions 
East  of  the  Elbe.  Fourth,  the  Syndicate  reserves  to 
itself  the  right  of  selling  direct  to  a  number  of  large 
consumers  (e.  g.,  the  state  railways,  municipal  gas  works 
and  thermo-electrical  plants,  big  metallurgical  estab- 
lishments, etc.)   and  disposes  of  the  remainder  of  its 


"  It  was  impossible  to  learn  at  this  time  what  disposition  under  the 
regional  cartels  would  be  made  of  the  Czechoslovakian  lignite  mining 
districts  over  which  Germany  assumed  effective  control  in  March  1939. 


supplies  through  wholesale  agencies,  each  of  which  is 
granted  exclusive  marketing  rights  over  a  given  region. 
Fifth,  the  Syndicate  levies  an  equalizing  or  compensa- 
tory tax  (Undage)  to  make  up  for  the  los.ses  which  it 
may  have  to  sustain  on  the  marketing  of  coal  to  "con- 
tested"' markets — mainly  abroad  but  also  in  Germany — 
at  prices  which  are  determined  by  tlie  exigencies  of  local 
comi^etition.  The  L^mlage  is  charged  back  to  the  indi- 
vidual collieries  on  a  tonnage  basis  at  levels  which  are 
somewhat  higher  for  the  sales  share  alone  than  for  the 
rest  of  the  output  quota;  exempted  fi-om  the  Umlage, 
moreover,  is  almost  a  third  of  such  tonnage  as  is  con- 
sumed by  affiliated  industrial  works. 

In  sum,  the  Syndicate  is  a  carefully  wrought  device 
for  enforcing  what  may  be  regarded  as  a  monopoly  con- 
trol over  the  great  bulk  of  Germany's  home  market  and 
for  promoting  a  maximum  of  export  shipments.  The 
T^mlage  has  to  be  regarded  as  the  financing  inii^lement 
of  an  export  bonus,  for  it  recaptures  jaart  of  the  monop- 
oly profits  from  sales  to  "noncontested"  markets  in  Ger- 
many to  pay  for  the  losses  from  .sales  to  competitive 
markets  abroatl  and  at  home.  AVith  variations,  the  prac- 
tices of  the  other  regional  cartels  tend  to  approximate 
those  of  the  great  Syndicate  of  the  Ruhr,  so  that  each 
mining  district  tends  to  be  vested  with  monopoly  pow- 
ers over  certain  home  market  zones  from  which  tlie 
other  districts  are  effectively  excluded  by  the  burden 
of  transportation  differentials  in  the  main.  As  for  the 
home  market  in  its  entirety,  it  is  protected  against  a 
possible  flood  of  imports — particularly  at  Baltic  ports — 
by  virtue  of  import  (juotas,  licensing  of  payments  in 
foreign  exchange,  and  minimum  price  safeguards.  If 
some  measure  of  interdistrict  competiton  for  the  homo 
market  still  persists,  it  does  so  only  in  those  few  neutral 
aieas  wIumc.  as  transportation  differentials  wear  thin, 
the  frontiers  between  "contested"  and  "noncontested" 
markets  tend  to  blur. 

Great  Britain. — The  national  control  plan  is  based  on 
]inrt  I  of  the  Coal  Mines  Act  of  1930  as  subse(|uently 
amended.  First,  the  countrj'  is  divided  into  17  mining 
districts,  each  under  the  regulation  of  an  Executive 
Board  of  the  colliery  owners.  Second,  national  coordi- 
nation is  assured  by  a  Central  Council  of  the  colliery 
owners.  Third,  the  objectives  of  control  include  limi- 
tation of  output,  market  sharing,  price  maintenance, 
and  centralized  selling. 

The  main  task  of  tlie  Central  Council  is  to  allot 
regional  output  quotas  to  each  of  the  17  mining  districts. 
Separate  quotas  are  established  for  tonnages  to  be  sold 
to  the  inland  trade  and  for  those  to  be  sold  to  the  export 
trade.  The  Central  Council  is  thus  engaged  in  the  shar- 
ing out  of  markets  between  districts  and  does  so  by  lim- 
iting the  volume  of  output  for  each.  Its  major  difficulty 
has  been  the  allotment  of  the  inland  quotas;  for  the  de- 
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pressed  mining  districts  of  the  shrinking  export  trade 
(e.  g.,  South  Wales)  have  sought  to  obtain  larger  inland 
quotas  against  the  resistance  of  other  mining  districts 
(e.  g.,  Lancashire,  the  Midlands)  which  supply  mostly 
to  British  consumers. 

In  each  of  the  17  districts  the  Executive  Board  has 
a  two-fold  task.  P'irst,  it  has  to  distribute  the  inland 
and  exports  quotas  among  the  individual  collieries,  and, 
second,  it  has  to  draw  up  schedules  of  mininium  pithead 
prices.  The  orders  of  the  Executive  Boards  on  quotas 
and  prices  are  subject  to  apjaeal  by  mining  and  con- 
sumer interests  whicli  may  be  aggrieved ;  investigating 
coimnittees  hear  such  appeals  and  report  back  to  the 
Board  of  Trade,  which  is  competent  to  issue  the  appro- 
priate recommendations  where  necessary. 

Since  the  summer  of  1936,  centralized  selling  schemes 
have  been  put  into  effect  in  almost  all  of  the  districts. 
These  schemes  fall  into  three  main  types:  (1)  com- 
plete centralized  control  of  sales,  where  the  whole  out- 
put of  the  district  is  marketed  through  a  single  agency ; 
(2)  grouping  of  the  collieries  within  a  particular  dis- 
trict into  a  number  of  central  selling  agencies;  and  (3) 
central  supervision  over  and  coordination  of  sales  with 
each  colliery  free  to  conduct  its  own  marketing. 

In  the  curbing  of  competition  between  individual 
collieries  of  the  same  mining  district,  the  British 
scheme  of  control  would  seem  to  be  quite  effective ;  but 
it  does  not  as  yet  provide  for  a  close  and  effective  regu- 
lation of  competition  between  mining  districts.  Despite 
the  output  quotas  which  are  allotted  to  each  district  for 
inland  and  export  sales,  interdistrict  coordination  of 
pricing  still  remains  to  be  achieved.  Each  Executive 
Board  is  free  to  set  minimum  prices  much  as  it  sees  fit, 
while  the  fixing  is  of  pithead  rather  than  of  delivered 
prices. 

Part  II  of  the  Coal  Mines  Act  of  1930  looks  toward 
the  compulsorj'  amalgamation  of  individual  collieries 
through  the  exercise  of  its  powers  by  the  Coal  Mines 
Reorganization  Commission,  a  quasi-judicial  body.  Be- 
cause of  the  limited  powers  of  this  body  as  well  as  the 
procedural  complications  involved  in  their  exercise,  lit- 
tle progress  has  been  made  to  date.  More  practical  re- 
sults may  follow,  however,  out  of  certain  procedural 
reforms  of  recent  date  and  out  of  Parliamentary  en- 
actments which  have  the  nationalization  of  coal  royal- 
ties in  view. 

Fro/ace. — The  scheme  of  supervision  in  France  in- 
cludes the  following  main  elements:  (1)  To  regulate 
competition  between  mines  in  each  district,  the  col- 
lieries of  each  basin  are  joined  in  regional  marketing 
combines,  of  which  the  largest  {Comptoir  de  Douai  in 
the  Nord  and  Pas-de-Calais)  regulates  the  marketing 
of  two-thirds  of  the  national  output.  (2)  To  zone  out 
the  home  market  among  the  several  mining  districts,  the 


three  regional  combines  of  the  north,  the  east,  and  the 
center  and  south  are  parties  to  an  agreement  for  divid- 
ing most  of  France  into  several  regional  spheres  of 
preferential  influence.  (3)  To  supervise  competition 
in  the  coastal  areas  which  lie  outside  the  zones  of  pref- 
erential influence,  a  Joint  Sales  Bureau  has  been  set  up 
by  the  colliery  owners  and  the  coal  importers.  (4)  The 
coal  mines  of  the  north  of  France  are  parties  to  an  in- 
ternational agreement  with  those  of  the  Ruhr,  Belgium, 
and  the  Netherlands  to  maintain  reasonable  price  levels 
in  certain  French  mai-kets.  (5)  The  equilibrium  of  the 
home  market  is  maintained  against  import  disturb- 
ances by  a  far-reaching  system  of  quota  limitations. 
(6)  The  Government  is  empowered  to  fix  maximum 
prices  for  coal. 

Because  of  the  great  volume  of  France's  coal  imports, 
the  major  problem  of  control  is  to  keep  a  competitive 
balance  between  home  output  and  import  shipments. 
This  problem  would  seem  to  be  largely  solved  by  the 
marketing  arrangements  which  prevail  plus  the  import 
quotas  in  force.  Only  minor  frictions  of  interdistrict 
competition  for  the  home  market  have  to  be  met. 

Poland. — The  essential  instrument  of  control  is  the 
Polish  Coal  Convention,  a  nation-wide  cartel  which 
covers  all  three  of  the  mining  basins.**  Although  indi- 
vidual collieries  retain  the  freedom  to  make  their  own 
sales,  production  and  marketing  are  regulated  as 
follows : 

(1)  Total  output  quotas  are  assigned  to  each  mine. 
(2)  Each  mine  is  assigned  a  threefold  sales  share  which 
limits  its  deliveries:  (a)  to  the  Polish  home  market; 

(b)  to  foreign  markets  reached  by  inland  routes;  and 

(c)  to  foreign  markets  reached  by  overseas  shipments 
on  the  Baltic.  (3)  Schedules  of  minimum  pithead 
prices  are  drawn  up  for  sales  to  each  of  these  markets, 
subject  to  the  Government's  power  to  set  maximum 
prices  for  the  home  market.  (4)  Provisions  are  made 
for  the  grading  and  classification  of  coals,  and  each 
mine  is  required  to  adhere  to  the  grades  and  classifica- 
tions as  thus  defined.  (5)  At  various  times,  such  as 
1931-32,  the  Convention  has  served  as  a  quasi-public 
instrument  for  implementing  a  variety  of  export  sub- 
sidy measures. 

The  circumstance  that  Poland  must  export,  year  in 
and  jear  out,  about  a  third  of  its  total  coal  production  is 
of  basic  importance  to  an  understanding  of  the  Polish 
Coal  Convention.  It  has  aimed  to  regulate  competition 
between  mining  districts  and  individual  mines  during  a 
period  when  the  "natural"  export  markets  of  Poland 
(inland  Europe)  were  sharply  contracting.  It  has  also 
aimed  to  maintain  home  market  prices  at  levels  which 


•  It  is  not  yet  clear  how  the  coal  mining  properties  of  Teschen.  trans- 
ferred from  Czechoslovakia  to  Poland  in  the  autumn  of  193S,  will 
eventually  be  fitted  into  the  framework  of  the  Polish  Coal  Convention. 
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would  allow  export  coal  to  be  shipped  overseas,  in  com- 
petition with  fuel  from  Germany  and  Great  Britain,  to 
Western  Europe,  Scandinavia,  and  the  Mediterranean. 
Because  of  the  price  burdens  which  the  national  market 
has  been  called  upon  to  bear  under  this  system,  the 
Government  has  had  to  intervene  for  the  protection  of 
consumers.  It  is  also  empowered  to  control  output, 
stocks,  and  sales  of  coal;  to  forbid  exports  or  imports 
of  coal  when  in  tlie  public  interest  to  take  such  meas- 
ures; to  regulate  the  marketing  of  coal  within  Poland; 
to  compel  mine  owniers  to  organize  and  to  vest  their 
organizations  with  a  quasi-public  status. 

Other  countries. — In  Belgium  the  National  Coal 
Office  exercises  control  over  the  production  and  market- 
ing of  coal,  the  Belgian  Coke  Office  over  the  production 
and  marketing  of  coke.  Both  are  cooperative  bodies  of 
collier}'  or  cokerj-  owners ;  each  is  competent  to  assign 
output  quotas,  allot  sales  shares,  engage  in  central  mar- 
keting, etc.  In  the  Netherlands  there  is  a  close  coordi- 
nation of  marketing  policy  between  the  four  State  mines 
and  the  four  private  collieries ;  the  quota  limitations  on 
imports  act  to  reenforce  such  coordination.  In  Czecho- 
slovakia a  National  Cartel  was  superimposed  on  a  num- 
ber of  regional  cartels;  the  marketing  policies  of  the 
National  Cartel  were  implemented  through  an  autono- 
mous Sales  Society. 

Control  of  the  International 
Coal  Trade  in  Europe 

Oidj'  limited  free  play  is  allowed  in  the  coal  trade 
between  European  countries  to  such  competitive  advan- 
tages or  disadvantages  as  ease  of  mining,  closeness  to 
markets,  skill  of  labor,  level  of  mechanization,  etc.,  for 
the  strictly  economic  factors  of  international  compi-u- 
tion  have  been  blocked  from  full  expression,  especially 
since  1929,  by  a  growing  body  of  governnuMital  meas- 
ures which  aim  at  safeguarding  home  markets  and  at 
winning  preferential  status  in  foreign  markets.  Simul- 
taneously with  these  developments,  a  number  of  inter- 
national combines  and  agreements  have  begun  to  func- 
tion. 

Customs  duties  upon  imports  of  coal  often  rise  to 
protective  levels  in  Eurojjoan  practice ;  this  would  seem 
to  be  true  in  the  recent  past  of  such  countries  as  Bel- 
gium, France,  and  Czechoslovakia.  Quota  limitations 
are  still  more  effective  as  a  protective  device;  tliey  were 
being  applied  against  coal  imports  in  1936  by  such  coun- 
tries as  Germany,  Belgium,  France,  Poland,  and  the 
Netherlands.  In  sucli  countries  as  Germany  and  Po- 
land the  effect  of  quota  limitations  is  reinforced  by  re- 
quiring that  import  licenses  be  obtained  before  pay- 
ments of  foreign  exchange  can  be  made. 

Direct  or  indirect  export  subsidies  are  a  widespread 
device  in  the  efforts  of  European  countries  to  promote 


their  coal  exports.  In  the  form  of  direct  bonuses  or 
premiums  such  subsidies  have  been  paid  in  recent  years 
in  Germany,  Belgium,  and  Poland.  In  the  indirect 
form  of  preferential  freight  tariffs  on  the  railways  they 
have  been  paid  by  Germany,  Great  Britain,  Poland, 
Belgium,  the  Netherlands,  and  Czechoslovakia.  Export 
shipments  of  coal  have  been  granted  special  relief  from 
tax  burdens  by  Great  Britain,  France,  Poland,  Belgium, 
and  Czechoslovakia.  Wlierever  the  machinery  of  mar- 
keting control  has  been  highly  developed,  it  has  opened 
the  way  to,  if  not  actually  brought  about,  price  dis- 
crimination between  sales  to  home  markets  and  sales  to 
foreign  markets. 

Preferential  trade  agieements  aboimd  everywhere  in 
the  coal  trade  of  Europe.  Some  of  these  agreements 
(e.  g.,  those  of  Great  Britain  and  of  Poland  with  the 
Scandinavian-Baltic  countries)  fix  the  minimum  share 
of  its  total  coal  imports  which  the  importing  country  is 
bound  to  take  from  tlie  exporting  country.  Other 
agreements  fix  the  total  tonnages  which  shall  move  be- 
tween the  exporting  and  importing  countries  (e.  g.,  the 
agreement  between  Germany  and  Great  Britain,  the  for- 
mer agreement  between  Germany  and  Czechoslovakia). 
Still  other  agreements  go  so  far  as  to  reserve  the  whole 
of  an  import  market  to  a  single  export  supplier  (e.  g., 
the  coal-livestock  agreement  between  Great  Britain  and 
Ireland).  Still  others  provide  for  the  barter  of  coal 
against  another  connnodity  or  service  (e.  g.,  the  coal- 
tourist  agreement  between  Germany  and  Switzerland) . 
Many  of  the  agreements  (e.  g.,  those  of  Germany  with 
the  Danubian  countries)  are  part  of  a  complex  reci- 
procity of  barter.  Wiere  elaborate  import  quotas  are 
in  force  by  a  major  importing  country  (e.  g.,  France), 
or  where  the  importing  of  coal  is  reserved  to  a  State 
monopoly  (e.  g.,  Italy),  or  where  licenses  to  pay  for 
imjiorts  must  be  obtained  from  the  Central  Bank  (all 
of  the  Danubian  countries),  the  possibilities  of  negotiat- 
ing preferential  accords  are  particularly  strengthened. 

In  short,  the  coal  trade  of  Europe  tends  to  be  gov- 
erned very  much  more  by  the  checks  and  balances  of 
"multilateral  monopoly,"  than  by  such  economic  factors 
of  "free  competition"  as  differences  of  labor  costs,  trans- 
portation charges,  and  exchange  rates.  The  resulting 
frictions  have  given  rise  during  the  recent  past  to  two 
very  significant  experiments  in  the  international  control 
of  marketing."  First,  there  is  the  Anglo-Polish  Coal 
Agreement  of  1934  as  renewed,  with  modifications,  in 
1937.  Second,  there  is  the  International  Coke  Cartel, 
which  was  founded  in  the  spring  of  1937. 

The  Anglo-Polish  Coal  Agreement  is  an  understand- 
ing between  the  colliery  owners  of  the  two  countries. 


» To  these  two  cxperlmpnts  there  was  added  In  the  spring  of  1939 
the  possibility  of  an  agreement  becoming  effective  between  the  coal 
exporting  Interests  of  Great  Britain  and  Germany.     See  footnote  4. 
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With  reference  to  a  group  of  important  European  mar- 
kets, it  is  agreed  that  Poland's  coal  exports  shall  be 
limited  in  quantity,  although  the  tonnage  of  British 
exports  to  the  same  markets  shall  remain  unlimited. 
In  the  original  form  of  the  agreement,  Poland's  exports 
had  to  be  held  down  to  a  certain  i^ercentage  of  Great 
Britain's;  under  the  new  form,  however,  the  limitations 
on  Polish  exports  may  be  calculated  from  a  base  which 
takes  account  of  the  combined  exports  in  1937  of  Great 
Britain,  Germany,  Poland,  Belgium,  and  the  Nether- 
lands. It  is  generally  believed  that  this  international 
broadening  of  the  base  may  well  be  a  step  toward  an 
all-Euroi^ean  cartel  of  coal  exporters. 

The  members  of  the  International  Coke  Cartel  are  the 
exporting  interests  of  Germany,  Great  Britain,  the 
Netherlands,  Belgium,  and  Poland.  Export  quotas  are 
assigned  to  each  of  the  five  national  groups  (in  per- 
cent) :  Germany,  48.43 ;  Great  Britain,  20.88 ;  Nether- 
landis,  17.83;  Belgium,  9.66;  Poland,  3.20.  Import  mar- 
kets are  divided  into  four  zones  of  preferential  in- 
fluence; machinery  is  set  up  for  the  fixing  and  main- 
tenance of  minimum  export  prices. 

Summary  and  Conclusions 

Almost  all  the  national  control  plans  m  Europe  pro- 
vide for  the  setting  of  output  quotas  and  sale  shares. 
Almost  all  of  them  likewise  provide  for  the  fixing  of 
minimiun  pithead  prices,  particularly  in  home  market 
deliveries.  Most  of  them  look  toward  the  preferential 
zoning  of  home  and  foreign  markets  in  favor  of  the 
individual  districts  and  individual  mines.  Many  of 
them  provide  facilities,  where  needed,  for  raising  home 


market  prices  to  monopoly  levels  in  order  to  offset  the 
competitive  prices  of  sales  to  foreign  outlets ;  the  tech- 
niques for  attaining  this  end  frequently  include  com- 
pensatory or  equalizing  taxes.  In  countries  where  coal 
is  mined  on  a  large  scale  in  several  basins,  the  machinery 
of  control  ordinarily  seeks  to  coordinate  the  marketing 
activities  of  the  regional  cartels  or  combines.  The  effi- 
cacy of  the  control  machinery  is  usually  enhanced  by 
horizontal  and  vertical  integration  and  by  the  connner- 
cial,  transport,  and  fiscal  policies  which  the  goverimient 
puts  into  force.  "Wliere  the  mechanism  of  control  is 
international,  its  purposes  are  to  regulate  export  vol- 
umes, to  allocate  export  markets,  and  to  maintain  export 
prices. 

Taking  the  national  control  schemes  in  the  context  of 
their  international  counterparts,  it  is  clear  that  the  reg- 
ulation of  coal  mining  in  Europe  gives  rise  to  vast  prob- 
lems of  public  policy.  First,  there  is  the  problem  of 
setting  up  the  safeguards  which  may  be  needed  to  recon- 
cile the  gi-ant  of  monopoly  power  to  private  interests 
with  the  requirements  of  the  national  interest ;  second, 
there  is  the  problem  of  how  best  to  tie  in  the  growth  of 
commercial  control  with  the  progressive  improvement 
of  the  labor  standards  of  coal  miners  in  all  countries; 
third,  there  is  the  problem  of  giving  due  weight,  in  the 
contrivance  of  control  schemes,  to  their  possible  effects 
upon  tlie  further  use  of  substitutes  for  coal  and  the 
further  development  of  fuel  economies  in  its  use;  fourth, 
there  is  tlie  problem  of  how  to  operate  the  control 
schemes  in  a  manner  that  will  relieve  foreign  trade  in 
coal  from  harmful  restrictions  rather  than  burden  it 
further  with  unreasonable  restraints. 


PART  FOUR— SECTION  V 
TOWARD  A  FEDERAL  POWER  POLICY 

By  Leiand  Olds* 


Federal  power  policy  has  developed  as  an  outgrowth 
of  the  Government  s  responsibility  for  assuring  use  of 
the  Nation's  water-power  resources  in  the  public  inter- 
est. As  electric  power  became  an  increasingly  vital 
factor  in  the  well-being  of  the  Nation,  this  responsi- 
bility necessarily  bix)adened,  but  the  essential  concepts 
underlying  the  more  recent  developments  were  set  forth 
in  the  reports  of  conunissions  appointed  by  President 
Theodore  Roosevelt  at  the  start  of  the  conservation 
movement  in  the  first  decade  of  the  twentieth  centiu-y. 
Among  these  concepts  was  that  of  Federal  control  over 
the  nudti-purposc  use  of  river  systems. 

Prior  to  1920  the  business  of  power  supply  in  this 
country  was  essentially  local  in  character.  It  had  not 
yet  reached  the  stage  at  which  it  could  offer  the  Nation 
the  most  flexibly  distributed  and  readily  controlled 
form  of  chcaj)  energy.  Industry  had  not  become  de- 
pendent on  central-station  electricity,  nor  had  power  in 
the  home  and  on  the  farm  become  an  essential  element 
in  the  standard  of  living.  The  development  of  hydro- 
electric power  was  largely  associated  with  certain 
industries  located  at  or  near  the  power  sites. 

As  explained  in  the  first  annual  report  of  the  Federal 
Power  Connnission,  the  laws  governing  the  adminis- 
ti'ation  and  disposition  of  water  powders,  prior  to  the 
Federal  AVater  Power  Act  of  1920,  were  passed  "at  a 
time  when  there  was  little  appreciation  of  the  role  wjiich 
electric  power  would  play  in  transportation  and  in  in- 
chistry,  or  of  the  safeguards  which,  in  the  disposition 
of  this  national  i-esource,  would  be  required  in  the 
interests  of  the  investor  as  well  as  of  the  public." 

As  a  result,  although  national  lenders  warned  of  the 
danger  of  permitting  alienation  of  the  Nation's  major 
water-power  resources  to  private  interests,  earlier  legis- 
lation dealt  chiefly  with  (a)  the  licensing  of  water- 
power  projects  involving  the  use  of  public  lands  and 
reservations  of  the  United  States,  and  (b)  the  condi- 
tions governing  special  grants  for  projects  in  the  coun- 
try's navigable  rivers. 

For  projects  in  the  first  category,  the  act  of  1901 
superseded  previous  legislation  and,  until  the  enactment 
of  the  Federal  Water  Power  Act,  was  practically  the 
sole  authority  for  water-power  developments  involving 
use  of  public  lands.  It  limited  the  rights  obtainable  to 
mere  revocable  licenses,  subject  to  the  regulations  of  the 


•Executive  Secretary  of  tlie  Power  Authority  of  the  State  of  New  York. 


executive  departments.  The  Federal  Power  Commis- 
sion estimated  that,  down  to  1920,  projects  aggregating 
approximately  800,000  hoi-sepower  had  been  constructed 
under  this  act. 

For  projects  in  the  second  category,  involving  water- 
power  developments  in  navigable  streams,  a  special  act 
of  Congress  was  required  in  each  instance.  The  general 
act.s  of  1899,  190C,  and  1910  required  the  apjn-oval  of 
the  Chief  of  Engineers  and  the  Secretary  of  War  for 
project  plans  and  fi.xed  the  general  conditions  under 
which  the  special  grants  were  made.  The  1910  act  lim- 
ited grants  to  50  j-ears,  reserved  the  right  to  revoke  the 
grant  at  any  time  upon  payment  of  the  reasonable  value 
of  the  works  constructed,  and  directed  that  considera- 
tion be  given  to  the  bearing  of  any  proposed  plan  on  a 
comprehensive  scheme  of  development.  The  Federal 
Power  Commission  states  that  projects  in  this  category, 
aggi'egating  481,550  horsepowei",  were  constructed  under 
special  acts  of  Congress. 

The  Federal  Water  Power  Act 

The  Federal  Water  Power  Act  of  1920,  which  created 
the  Federal  Power  Commission  with  jurisdiction  over 
the  licensing  of  water-jjower  devel()i)ments  in  navigable 
streams  and  on  the  public  lands  and  reservations  of  the 
United  States,  i-ejjresented  the  first  important  broaden- 
ing of  Federal  power  policy.  The  approval  of  ))lans 
by  the  Chief  of  Engineers  and  the  Secretary  of  War 
was  continued  under  this  act  as  a  condition  for  the 
issuance  of  licenses  affecting  the  navigable  capacity  of 
streams.  Ajiplicants  were  further  recpiired  to  furnish 
satisfactory  evidence  of  compliance  with  the  laws  of  the 
State  or  States  within  whicli  their  proposed  projects 
v.ere  located. 

The  act  limited  licenses  for  such  water-power  de- 
velopments to  50  years  and  provided  for  the  right  of  the 
United  States  to  take  over  projects  at  the  end  of  the 
period  or  for  relicensing  in  case  this  right  was  not  exer- 
cised. It  also  provided  for  Commission  supervision 
over  the  accounting  of  the  licensee  and  for  regulation  of 
services  and  rates  to  the  extent  that  State  regulation 
was  lacking.  It  prohibited  the  inflation  of  project  costs 
through  valuations  placed  on  good  will,  going  value, 
prospective  revenues,  or  on  water  rights  and  lands  in 
excess  of  the  actual  reasonable  cost  of  such  properties  to 
the  licensee  at  the  time  of  acquisition. 
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The  Federal  Power  Commission  was  aiitliorized  to 
make  investigations  and  collect  data  concerning  the 
■water  resources  of  any  region,  concerning  the  water- 
power  industry  in  relation  to  other  industries,  and  con- 
cerning the  relation  of  power  sites  to  markets.  It  was 
further  to  consider  whether  power  from  Government 
dams  could  be  advantageously  used  by  the  United  States 
for  its  public  purposes. 

In  issuing  preliminary  permits  or  licenses  for  water- 
power  developments  the  Commission  was  required  by 
the  act  to  give  preference  to  applications  of  States  and 
municipalities.  Furthermore,  whenever,  in  the  judg- 
ment of  the  Commission,  the  development  of  any  proj- 
ect should  be  undertaken  by  the  United  States  itself, 
the  Commission  "shall  not  approve  any  application  for 
such  project  *  *  *  but  shall  cause  to  be  made  such 
examination,  surveys,  reports,  plans,  and  estimates  of 
the  cost  of  the  project  as  it  maj'  deem  necessary,  and 
shall  submit  its  findings  to  Congress,"  with  recom- 
mendations for  construction  of  the  project. 

Finally,  the  act  expressly  reserved  the  right  of  the 
United  States,  or  any  State  or  municipality,  to  take 
over  and  operate  any  licensed  project  at  any  time  by 
condemnation  and  upon  payment  of  just  compensation. 

Thus,  the  Federal  Water  Power  Act  laid  the  founda- 
tion for,  and  represented  a  long  step  toward,  the  estab- 
lishment of  the  more  fully  developed  Federal  power 
policy  which  became  necessary  as  a  result  of  the  tre- 
mendous changes  in  the  power  industry  following  1920. 
It  recognized  the  develoj^ment  of  hydroelectric  power 
as  essentially  a  public  business,  which  might  be  en- 
trusted to  private  agencies  only  to  the  extent  that 
private  operation  served  the  predominant  public 
interest. 

Regional  Power  Supersedes 
Local  Power 

The  period  1920  to  1930  was  not  one  in  which  public 
interest  in  the  broader  power  planning  provisions  of 
the  Federal  Water  Power  Act  found  articulate  political 
expression.  As  a  result,  the  Federal  Power  Commis- 
sion concerned  itself  almost  entirely  with  applications 
of  private  interests  for  licenses  to  develop  the  Nation's 
hydroelectric  power  resources.  Meanwhile  the  power 
industry  was  in  process  of  rapid  transformation  from 
local  to  regional  organization. 

This  transition  was  described  by  Joel  D.  Justin  at 
the  October  14,  1936,  symposium  on  power  costs,  con- 
ducted by  the  American  Society  of  Civil  Engineers. 
Mr.  Justin  pointed  out  that  during  this  period  the  devel- 
opment of  long  distance  transmission  to  make  low-cost 
hydroelectric  power  available  at  important  industrial 
centers  and  the  inefficiency  of  community  power  com- 
panies as  a  means  of  handling  extensive  distribution 


over  Mide  territories  led  to  the  integration  or  coordina- 
tion of  such  local  companies  into  regional  power  sys- 
tems. The  tying  together  of  regional  power  companies 
by  means  of  high  tension  transmission  lines  followed. 
Territories  covered  by  such  systems  sometimes  exceeded 
20,000  square  miles  and  included  populations  numbered 
in  the  millions. 

The  transition  was  presided  over  by  holding  com- 
panies representing  even  more  extensive  financial  inter- 
connections. For  example,  the  directors  of  the  United 
Corporation  could  claim  to  speak  for  systems  control- 
ling more  than  25  percent  of  the  country's  power  supply 
and  serving  areas  with  a  population  of  approximately 
20,000,000.  Connecticut,  New  York,  New  Jersey,  Penn- 
sylvania, Delaware,  Tennessee,  Georgia,  Alabama,  Mis- 
sissippi, and  Michigan  were  embraced  by  this  combi- 
nation, with  contacts  extending  into  Ohio,  Maryland, 
and  South  Carolina. 

The  Federal  Government 
Surveys  This  Result 

The  broadening  of  Federal  power  policy,  to  protect 
the  public  interest  in  the  face  of  this  transformation  of 
the  power  industry,  was  preceded  by  the  comprehensive 
investigation  of  utility  corporations  by  the  Federal 
Trade  Commission,  ordered  by  Senate  resolution  in 
1928.  This  investigation  developed,  among  other 
things,  the  extent  to  which  the  industry  had  become 
regional  rather  than  local. 

Transmission  lines  were  found  interconnected  to  form 
extensive  networks.  Energj'  transmitted  across  State 
lines  reached  significant  proportions,  totaling  13,799,- 
000,000  kilowatt-hours  in  1930,  or  15  percent  of  all  the 
energy  generated  by  private  companies  in  the  United 
States. 

The  Commission  found  16  large  holding  company 
groups  controlling  over  three-fourths  of  the  privately 
owned  industry.  It  found,  moreover,  that  the  conduct 
of  the  power  industry  by  these  holding  companies  had 
been  entirely  out  of  line  with  the  proper  objectives  of 
this  major  public  business.  It  held  that  the  evils  and 
abuses  fell  chiefly  into  two  classes : 

1.  Unsound  and/or  needless  financial  structures  and  practices 
which  were  a  detriment  and  frequently  a  menace  to  the  investor 
or  the  consumer  or  both. 

2.  The  milking  of  operating  companies  through  the  devices 
of  numerous  forms  of  contracts  and  arrangements.     •     »     * 

The  Commission  characterized  the  ethical  aspects  of 
the  situation  by  such  words  as  "fraud,  deceit,  misrepre- 
sentation, dishonesty,  breach  of  trust  and  oppression," 
and  said :  "The  evils  recited  have  flourished  in  spite  of 
regulation  as  it  has  existed." 

The  Federal  Trade  Commission  report  was  not  com- 
pleted until  1935,  but  the  general  findings  had  been  con- 
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stantly  unrolled  before  the  public  eye  as  the  investiga 
tion  proceeded,  and  it  had  become  increasingly  clear 
that  it  broadening  of  Federal  power  policy  was  essential 
to  pi'otect  the  public  interest. 

Power  F*oIicy  and  Public  Works 

The  foundations  for  such  a  broadening  of  Federal 
powei-  policy  were  already  being  laid.  The  public  works 
program,  initiated  in  1935,  as  part  of  the  general  attack 
on  the  depression  and  its  causes,  called  for  planning  on 
a  national  scale,  particularly  in  the  field  of  conservation. 
The  National  Planning  Board  of  the  Public  Works  Ad- 
ministration in  June  of  that  year  recommended  a  per- 
manent national  planning  agency.  Important  steps 
providing  the  basis  for  an  extension  of  Federal  power 
policy  followed: 

1.  The  President,  by  Executive  order  of  August  19, 
1933,  designated  the  Federal  Power  Connnission  to  aid 
the  Administrator  of  Public  Works  in  the  preparation 
of  that  part  of  the  program  pertaining  to  the  develop- 
ment of  water  power  and  the  transmission  of  electrical 
energ}',  and  directed  it  to  make  "a  survey  of  the  water 
resources  of  the  United  States  as  they  relate  to  the  con- 
servation, development,  control,  and  utilization  of  water 
power;  of  the  relation  of  water  power  to  other  indus- 
tries and  to  interstate  and  foreign  commerce;  and  of  the 
transmission  of  electric  energy  in  the  United  States  and 
its  distribution  to  consumers."  This  initiated  the  Na- 
tional Power  Surve}'  which  established,  for  the  first 
time,  a  firm  foundation  for  the  intelligent  planning  of 
future  develojjments  in  the  power  industry,  whether  by 
Federal.  State,  or  private  agencies. 

2.  The  Administrator  of  Public  Works,  in  September, 
1933,  appointed  the  Mississippi  Valley  Committee  to 
undertake  a  pioneer  study  of  the  possibilities  of  a  uni- 
fied plan  for  the  development  of  an  entire  river  basin, 
including  flood  control,  power,  navigation,  reforesta- 
tion, and  prevention  of  soil  erosion.  The  report  of  this 
committee  dealt  extensively  with  power  as  a  coordinat- 
ing factor  in  river  development  and  suggested  the  pos- 
sibility of  a  unified  power  supply  system  with  (iovern- 
ment  control  of  the  transmission  function. 

3.  In  April  1934  by  resolution,  Congress  directed  the 
Federal  Power  Commission  to  investigate,  compile,  and 
analyze  the  rates  charged  for  electric  energy  by  both 
private  and  municipal  corporations  throughout  the 
United  States.  Tlie  resulting  Electric  Rate  Survey  re- 
vealed the  wide  variations  between  rates  charged  in 
different  localities  for  the  same  classes  of  service.  It 
effectively  raised  the  question  whether  such  variations 
were  not  the  result  of  arbitrary  and  unjustifiable  pol- 
icies affecting  the  costs  considered  by  regulatory  bodies.' 

4.  The  President,  by  Executive  order  of  June  30, 
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1934,  established  the  National  Resources  Board  (Com- 
mittee) "to  prepare  and  present  to  the  President  a  pro- 
gram and  plan  of  procedure  dealing  with  the  physical, 
social,  governmental,  and  economic  aspects  of  public 
policies  for  the  development  and  use  of  land,  water, 
;md  other  natural  resources  and  such  related  subjects  as 
may  from  time  to  time  be  referred  to  the  Board  by  the 
President."  The  reports  of  this  Board,  including  that 
of  the  Mississippi  Valley  Committee  which  became  its 
Water  Resources  Committee,  have  provided  the  country 
with  its  first  comprehensive  and  detailed  conservation 
program,  including  the  orderly  planning  of  public 
works  to  effectuate  such  a  progi'am. 

5.  The  President  on  July  9,  1934,  established  the  Na- 
tional Power  Policy  Committee  of  the  Public  Works 
Administration,  composed  of  representatives  of  the  sev- 
eral governmental  agencies  concerned  with  the  Federal 
power  progi-am,  "to  develop  a  plan  for  tlie  closer  co- 
operation of  the  several  factors  in  our  electrical  sup- 
ply— both  public  and  private — whereby  national  policy 
in  power  matters  may  be  unified  and  electricity  be  made 
more  broadly  available  at  cheaper  rates  to  industry,  to 
domestic  and,  particularly,  to  agricultural  consumers." 
The  Committee  was  also  directed  to  consider  the  lines 
which  should  be  followed  in  drafting  legislation  "on 
the  subject  of  holding  companies  and  for  the  regidation 
of  electric  current  in  interstate  commerce." 

In  connection  with  the  development  of  Federal  power 
policy,  especially  in  relation  to  the  growing  recognition 
of  Federal  responsibility  for  proper  conduct  of  the  busi- 
ness of  wholesale  power  supply,  certain  of  the  resulting 
reports  require  more  detailed  attention. 

Full  Use  of  Water  Power  Resources 
Through  Interconnection 

The  October  1934  report  of  the  Mississippi  Valley 
Committee  viewed  power  as  "a  coordinating  factor  in 
river  development."  It  said:  "Power,  flood  control, 
low-water  control,  navigation,  irrigation,  a  widespread 
development  of  rural  electrification,  and  an  extensive 
national  reserve  against  iniemploj'ment,  appear  inex- 
tricably bound  up  in  the  possibilities  of  the  undeveloped 
waters  of  the  Mississippi  Valley."  It  saw  "the  unifica- 
tion of  the  national  electricity  supply"  as  a  most  prom- 
ising key  to  the  best  use  of  the  Valley's  resources  on  a 
multiple-purpose  basis. 

The  report  called  attention  to  "the  low  operating  cost 
of  hydro  projects  and  the  social  advantage  of  utilizing 
an  inexhaustible  resource"  as  having  a  bearing  on  the 
decision  to  go  forward  with  such  developments.  It  sug- 
gested that  the  development  of  many  power  sites,  which 
are  relatively  remote  from  consumption  centers  and 
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therefore  uneconomical  to  develop,  will  become  feasible 
if  such  sites  are  tied  into  a  region-wide  system  and  par- 
ticularly when  such  "regional  transmission  networks  are 
interconnected  over  wide  areas." 

The  report  asserted  that  there  was  nothing  novel  in 
the  conception  of  a  completely  unified  system  for  gener- 
ation and  transmission  of  electricity  and  that  the  legal 
and  operating  problems  should  "appear  relatively  triv- 
ial in  contrast  to  the  great  social  purposes  to  be  accom- 
plished." To  show  the  need  for  such  "coordination  and 
unification"  it  called  attention  to  the  "crazy  patchwork" 
of  operating  areas,  represented  by  the  fields  of  operation 
of  the  leading  private  electric  power  groups,  and  the 
"mass  of  independent,  imrelated,  and  frequently  uneco- 
nomic generating  units"  involved  in  the  municipal 
operations. 

The  report  emphasized  the  extent  to  which  such  inter- 
connection would  release  capacity  at  present  necessarily 
held  in  reserve.  It  predicted,  however,  that  measured 
against  the  gi'eatly  increased  demand  which  the  policy 
outlined  would  make  possible,  the  output  of  existing  sys- 
tems, augmented  by  hydroelectric  power  generated  by 
the  Govermnent  as  a  part  of  its  flood-control  navigation 
power  policy,  would  be  found  inadequate  to  meet  long- 
range  requirements.  It  continued:  "The  supply  must 
still  be  supplemented  by  fuel  stations,  and  happily  the 
Mississippi  Basin  is  rich  in  coal,  lignite,  gas,  and  oil." 

The  Committee  suggested  that  this  plan  of  power 
supply  could  "achieve  its  purpose  only  through  the  pi'o- 
gressive  building  of  gi'oup  and  regional  and  inter- 
regional transmission  networks."  It  said  that  leader- 
ship was  a  task  of  government  and  continued : 

.lust  as  the  original  impetus  to  Lnterconneotion  was  given  by 
the  Government  during  the  World  War,  in  requiring  any  com- 
Iiany  having  exress  oapacity  to  tran.smit  its  surplus  current  to 
nearby  territory  in  need  of  it,  now  the  Government  must  take 
the  lead  if  we  are  to  achieve  the  unification  desired  in  the  new 
war  upon  economic  waste  and  instability,  unemployment,  and  the 
progressive  destruction  of  basic  natural  resources. 

The  Mississippi  Valley  Committee  thus  emphasized 
the  social  and  economic  soundness  of  developing  the 
country's  waterpower  resources  in  connection  with 
general  river  development  programs,  if  the  power 
projects  were  hooked  up  by  region-wide  transmission 
systems.  It  envisaged  ultimate  interconnection  of  these 
regional  systems,  indicating  that  existing  public  and 
private  systems  would  profit  by  cooperating  in  such  a 
unified  scheme. 

Federal  Concern  for  Ample  Power 
Supply  at  Lower  Cost 

The  first  report  of  the  National  Resources  Board 
(Committee)    followed  on  December  1,  1934,  dealing 


broadly  with  "National  Planning  and  Public  Works  in 
Relation  to  Natural  Resources."  Its  foreword  began 
with  the  following  statement  of  principle  which  un- 
derlies Federal  power  policj-  as  an  element  in  the  gen- 
eral conservation  program : 

The  natural  resources  of  America  are  the  heritage  of  the 
whole  Nation  and  should  be  conserved  and  utilized  for  the 
benefit  of  all  of  our  people.  Our  national  democracy  is  built 
upon  the  principle  that  the  gains  of  our  civilization  are  essen- 
tially mass  gains  and  should  be  administered  for  the  benefit  of 
the  many  rather  than  the  few ;  our  priceless  resources  of  soil, 
water,  minerals  are  for  the  .service  of  the  American  people,  for 
the  promotion  of  the  welfare  and  well-being  of  all  citizens.  The 
present  study  is  carried  through  in  this  spirit  and  with  a  desire 
to  make  this  principle  a  living  fact  in  America. 

In  its  section  dealing  with  hydroelectric  power  the 
National  Resources  Board  formulated  the  broad  out- 
lines of  Federal  power  policy  on  the  basis  of  this  prin- 
ciple. It  first  called  attention  to  the  extent  to  which 
■'the  historical  development  of  technology'  is  the  story 
of  man's  achievements  in  converting,  controlling,  and 
utilizing  the  energies  latent  in  natural  resources"  and, 
on  this  basis,  asserted  that  "one  of  the  objectives  which 
national  planning  .should  strive  to  attain  is  to  provide 
all  sections  of  the  coimtry  with  all  the  electric  power 
they  may  require  at  the  lowest  possible  cost."  The  re- 
port continued : 

From  the  long-run  viewpoint,  the  desirability  of  conserving 
natural  resources  makes  the  full  utilization  of  all  available 
water  power  seem  highly  desirable.  Every  unit  of  coal,  gas,  or 
oil  burned  is  so  much  deducted  from  irreplaceable  supplies. 
Water  power,  on  the  other  hand,  is  a  self-replenishing  re- 
source. *  *  *  Indeed,  the  power  of  a  running  stream  is  lost 
every  minute  that  it  remains  unharnessed,  whereas  a  ton  of 
coal  not  raised  today  is  available  for  use  tomorrow  or  the  day 
after.  Nor  does  the  use  of  water  to  generate  electricity  harm 
it  for  drinking,  or  bathing,  or  transporting  goods — coal,  oil,  and 
gas  are  destroyed  by  burning. 

The  rejDort  called  attention  to  the  fact  that  "as  anat- 
ters  now  stand,  commercial  enterprises  seem  unlikely  to 
push  the  development  of  water  power  much  further  in 
the  near  future."  It  explained  this  on  the  ground 
that,  from  a  strictly  commercial  viewpoint,  most  of 
the  remaining  water-power  sites  were,  for  one  reason 
or  another,  undesirable,  but  held  that  the  Government 
"can  take  a  broader  and  larger  view  of  the  returns  than 
commercial  companies  can  afford  to  take." 

The  report  then  called  attention  to  the  fact  that  a 
vast  potential  demand  for  electricity  in  the  household, 
the  farm,  the  community,  and  the  shop  has  not  yet  been 
tapped.  It  continued:  "Wliat  keeps  this  potential  de- 
mand from  becoming  effective  are  the  relatively  high 
charges  for  electricity  that  prevail  in  many  sections. 
Recent  studies  of  domestic  consiunption  in  low-cost 
municipalities,  demonstrate  that  the  demand  for  cur- 
rent is  highly  elastic,  expanding  rapidly  as  the  cost 
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declines."    It  cited  the  following  comparative  figures 
for  average  residential  consumption  and  rates  in  1933 : 


CoDsumptloD 

Rates  per 
kilowatt-bour 

United  States 

Kilowatt-hour 
604 

l,0S9 

1.5,10 

1  :s.i 

$U.O&lii 

Seattle 

.0258 

Tacoma    . ............. . — - .--- 

.0173 

M  nnffirln  pIHa«                                            ,  , 

.0145 

After  suggesting  tlial  llie  traiisuiissiuii  I'unctiun,  ty- 
ing together  generation  and  distribution  to  consumers, 
seemed  (o  afford  the  best  opening  for  systematic  plan 
ning  of  economical  power  supply,  the  report  concluded : 

The  Government  has  an  interest  in  extending  the  use  of  elec- 
tricity as  an  increasingly  significant  item  in  the  American  stand- 
ard of  living.  Hence  it  lias  an  interest  in  the  redaction  of 
rates  to  stiimilale  consumption.  It  has  a  special  interest  in 
the  development  of  hydroelectric  plants  as  a  means  of  conserv- 
ing tlie  country's  resources  in  coal,  gas,  and  oil.  In  some  cases 
its  plans  for  flood  control  or  other  uses  of  water  would  enable  it 
to  provide  hydroelectric  power  as  a  byproduct  at  slight  direct 
cost.  The  Government  will  not  fail  to  consider  as  factor  in 
the  total  situation  the  large  sums  of  capital  actually  invested 
by  power  companies.  The  critical  <inestioiis  for  the  Govern- 
ment are  how  far  the  elasticity  of  tlie  demand  for  electricity  and 
the  economies  jjroduced  by  interconnecting  transmission  lines 
may  make  it  possible  to  reconcile  the.se  seemingly  conflicting 
interests,  and,  to  the  extent  that  reconciliation  is  not  possible, 
which  interests  should  be  given  preference. 

This  report  represented  an  important  contribution 
to  the  formulation  of  Federal  power  policy.  It  recog- 
nized that  within  the  limits  of  our  resources  all  sections 
of  the  country  should  be  assured  all  the  electric  power 
they  could  use,  at  the  lowest  rates  economically  possible. 
It  pointed  out  that  use  of  the  Nation's  inexhaustible 
water  power  resources  would  have  the  effect  of  preserv- 
ing other  irreplaceable  energy  and  that  Government,  in 
dealing  with  the  matter,  could  take  a  broader  view  than 
comniercial  companies  of  the  economics  of  hydroelectric 
undertakings. 

Federal  interest  in  expanding  the  use  of  electricity, 
as  an  increasingly  important  factor  in  the  American 
standard  of  living,  the  report  showed,  resulted  nat- 
urally in  concern  for  such  reduction  in  rates  as  might 
be  necessary  to  accomplish  this  objective. 

Continuing  Survey  of  Nation's 
Power  Re.sourL-es  and  Kequiremenls 

The  preliminary  National  Power  Survey  report  of 
the  Federal  Power  Commission  described  the  survey  as 
the  first  attempt  "to  determine  from  ;i  national  stand- 
point the  relation  between  present  and  future  require- 
ments for  electrical  energy  and  the  lajjacity  to  meet 
such  demand."    It  added  that  there  had  been  no  pre- 


vious "appraisal  of  the  efficiency  of  the  generating 
plants  of  the  major  public  and  private  utility  systems." 
The  report  pointed  out  that  such  a  survey  provides 
a  sound  basis  for  a  public  works  program  and  is  an  es- 
sential factor  of  national  defense.  Noting  that  2  years 
are  re(|uiied  to  plan  and  construct  a  large  modern  steam 
[liaiil  and  from  2  to  7  years  to  plan  and  build  a  large 
water  power  project,  it  stressed  the  wisdom  of  planning 
in  advance  to  meet  increased  demands  for  [Kiwer.  It 
asserted  that  the  national  interest  retjuired  the  most 
accurate  possible  inventory  of  the  Nation's  undeveloped 
water  power  resources  in  Iheii'  i-elation  to  the  present 
iuid  future  markets  for  power.     The  re|)orL  stated: 

Careful  phuiuiiig  under  Federal  supervision  of  new  power 
plants  and  facilities  for  transmission  is  required  to  promote  the 
.safety  and  welfare  of  the  Nation.  Selection  of  sites  for  hydro 
or  steam  plants,  to  be  develoix^i  eitlier  by  public  or  private  agen- 
cies, should  take  into  consideration  not  only  the  pertinent  engi- 
neering and  economic  factors  but  also  considerations  of  broad 
national  policy. 

Control  of  power  is  a  social  as  well  as  an  engineering  and  eco- 
nomic problem  *  •  *.  Modern  civilization  would  collapse 
with  the  failure  of  the  sources  of  electric  light  and  ixiwer. 

The  National  Power  Survey  report  thus  emphasized 
Federal  interest  in  the  Nation's  power  supply,  with 
especial  reference  to  planning  for  immediate  require- 
ments and  for  expansion  to  meet  the  demands  of  the 
future.  It  recogiiizi'd  that  the  safety  and  welfare  of 
the  Nation  required  a  continuing  inventory  of  power 
facilities,  resources  and  requirements,  including  a  con- 
stant appraisal  of  the  relative  efficiency  of  existing 
plants. 

Importance  of  Kconomical 
Integration  of  Private  Facilities 

The  report  of  the  National  Power  Policy  Committee, 
with  respect  to  the  treatment  of  holding  companies,  was 
transmitted  by  the  President  to  Congress  on  March  12, 
1935.  Its  broad  recommendations  called  for  the  elimi- 
nation of  holding  companies  where  they  served  iiu 
demonstrably  useful  pui])<)se  in  the  business  of  power 
supply  ami  for  simplificat  ion  of  existing  systems  by  "the 
elimination  of  unnecessary  corjjorate  complexities  and 
of  properties  which  do  not  fit  into  an  economically  and 
geographically  integrated  whole." 

The  report  pointed  out  that  "wiiile  the  ili.-inliution 
of  gas  and  ele<-tricily  in  any  given  comniunily  is  tol 
crated  as  a  natural  monopoly  to  avoid  (liiplicalion  of 
plants,  there  is  no  justification  for  an  extension  <ir  ibai 
idea  of  local  monopoly  to  embrace  the  common  control, 
by  a  few  powerful  interests,  of  utility  plants  scattered 
over  majiy  States  and  totally  unconnected  in  operation. 
Such  intensification  of  economic  power  beyond  the  point 
of  proved  economies  not  only  is  susceptible  of  grave 
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abuse  but  is  a  form  of  private  socialism  inimical  to  the 
functioning  of  democi-atic  institutions  and  the  welfare 
of  a  free  people." 

The  report  further  noted  that  the  growth  of  holding 
company  systems  had  "often  been  attained  with  the 
great  waste  and  disregard  of  public  benefit,"  that  the 
controlling  groups  had  "in  many  instances  paid  no  more 
than  lip  service  to  the  principle  of  building  up  a  system 
as  an  integrated  and  economic  whole,  which  miglit  bring 
actual  benefits  to  its  component  parts  from  related  op- 
erations and  unified  management,"  and  that  the  holding 
companies  had  burdened  the  consumer  with  manage- 
ment, engineering,  accountmg,  publicity,  and  legal  fees, 
with  profits  on  intercompany  sales  of  materials  and  con- 
struction contracts,  and  witli  security  charges  '"beyond 
the  value  of  the  holding  company  to  the  industry." 

Finally,  the  report  said : 

Attempts  by  State  commissious  to  protect  tlie  consumer  from 
the  burdens  which  holding  company  practices  have  imposed  upon 
him  have  been,  and  practically  always  must  be,  largely  unsuc 
cessful.  *  *  *  And  usually  the  holding  companies  have  pur- 
posely arranged  their  organization  to  keep  out  of  reach  of  State 
regulation ;  their  lawyers  have  challenged  the  jurisdiction  of 
such  regulation.     *     *     * 

The  report  recommended  Federal  legislation  regard- 
ing public  utility  holding  companies  to  "eradicate  dis- 
closed abuses,  prevent  the  use  of  the  holding  company 
and  affiliated  interests  to  obstruct  the  State  regulation 
of  operating  companies,  and  make  possible  the  elimi- 
nation of  the  holding  company  where  it  serves  no 
demonstrably  useful  and  necessary  purpose,  without  mi- 
due  dislocation  of  investment  or  the  loss  of  operating 
economies  which  flow  from  economically  and  geo- 
graphically integrated  public  utility  systems." 

The  significance  of  this  report  in  the  development  of 
Federal  power  policy  lay  primarily  in  its  recognition 
that  the  problem  of  economical  integration  in  the  power 
industry  had  come  to  transcend  State  lines  and  was, 
therefore,  within  the  scope  of  Federal  interest. 

Public  Utility  Act 

The  recommendations  contained  in  these  reports,  in- 
sofar as  they  required  expansion  of  Federal  regulation 
to  include  phases  of  the  power  business  beyond  the 
scope  of  State  regulation,  were  embodied  in  the  Public 
Utility  Act  of  1935. 

The  preamble  of  this  act  declared  that  "public  utility 
holding  companies  and  their  subsidiary  companies  are 
affected  with  a  national  public  interest"  and  that  "the 
national  public  interest,  the  interest  of  investors  in  the 
securities  of  holding  companies  and  their  subsidiaries 
and  affiliates,  and  the  interest  of  consumers  of  electric 
energ}'  and  natural  and  manufactured  gas,  are  or  may 


be  adversely  affected"  by  a  series  of  holding  company 
abuses.  Among  the  abuses  specifically  enumerated 
were:  (a)  extension  of  holding  companies  and  inte- 
gration of  operating  companies  bearing  no  relation  to 
economy  of  management  and  operation;  {h)  lack  of 
economy  in  management,  operation,  and  in  the  raising 
of  capital  for  public  utility  companies,  and  (c)  lack  of 
effective  public  regulation. 

Title  I  of  the  act  gave  the  Securities  and  Exchange 
Commission  broad  powers  over  the  acquisition  of  the 
securities  or  assets  of  public  utility  companies,  but  di- 
rected the  Connnission  to  disapprove  of  the  acquisition 
of  such  utility  securities  or  assets  unless  it  "finds  that 
such  acquisition  will  serve  the  public  interest  by  tend- 
ing towards  the  economical  and  efficient  development  of 
an  integrated  public  utility  system." 

The  Connnission  was  further  directed  to  preside  over 
the  simplification  of  holding  company  systems  and,  to 
tliis  end,  to  require,  with  certain  exceptions,  each  regis- 
tered holding  company  to  take  the  necessary  steps  to 
limit  its  operations  "to  a  single  integrated  public  utility 
system,  and  to  such  other  businesses  as  are  reasonably 
incidental,  or  economically  necessary  to  the  operations  of 
such  integrated  public  utility  systems."  It  gave  the 
Commission  further  authority  to  eliminate  the  inter- 
company transactions  and  charges  which  had  tended  to 
impose  unwarranted  costs  on  the  industry. 

Title  II  of  the  act  imposed  on  the  Federal  Power  Com- 
mission a  share  of  the  responsibility  for  the  economic 
integration  of  the  power  btisiness.  It  declared  that 
"the  business  of  transmitting  and  selling  electricity  for 
ultimate  distribution  to  the  public  is  affected  with  a  pub- 
lic interest,"  and  that  "Federal  regulation  of  matters 
relating  to  generation  *  *  *  and  of  that  part  of 
such  business  which  consists  of  the  transmission  of  elec- 
tric energy  in  interstate  commerce  and  the  sale  of  such 
energy  at  wholesale  in  interstate  commerce  is  necessary 
in  the  public  interest." 

In  order  to  assure  an  abundant  and  economical  sup- 
ply of  electric  energy  tliroughout  the  United  States  and 
to  provide  for  the  proper  conservation  and  utilization 
of  natural  resources,  this  title  of  the  act  directed  the 
Commission  "to  divide  the  country  into  regional  dis- 
tricts for  the  voluntary  interconnection  and  coordina- 
tion" of  power  facilities.  It  assigned  the  Connnission 
the  duty  of  promoting  such  interconnection  both  within 
and  between  the  separate  districts. 

The  act  envisaged  the  probability  that  the  application 
of  the  broadened  Federal  power  policj'  would  require 
further  legislation  and  directed  the  Federal  Power  Com- 
mission to  continue  the  investigations  regarding  the 
generation,  transmission,  distribution,  and  sale  of  elec- 
tric energy,  initiated  as  the  "Federal  Power  Survey," 
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in  order  tliat  the   iiil'oriiuition  necessary   foi-   recom- 
mending such  legislation  might  be  secured.' 

Congi-ess  thus  extended  the  Federal  iM)\ver  policy  to 
include  provision  for  a  complete  and  continuing  inven- 
tory of  the  entire  power  industry.  As  a  result  of  this 
provision  the  country  will  be  constantly  supplied  with 
authoritative  information  as  to  the  conduct  of  this 
essential  public  service. 

Marketing  Power  From  General 
River  Basin  Projects 

The  preceding  discussion  sunmiarizes  the  investiga- 
tions, reports,  and  legislation  through  which  tiie  Federal 
Government  lias  been  progressively  broadening  its 
power  policy  to  deal  with  problems  which  had  been 
becoming  more  and  more  ])ressing  as  a  result  of  the 
trend  of  the  industry  during  tlie  preceding  decade.  At- 
tention has  been  directed  ciiiefly  to  planning  for  the 
development  of  hydroelectric  j)ower  as  part  of  the  gen- 
eral cons('r\ation  program,  to  extending  Federal  regu- 
lation with  special  emphasis  on  integration  of  the 
power  business  on  a  sound  economic  basis,  and  to  pro- 
viding for  a  continuing  survey  of  all  aspects  of  the  Na- 
tion's power  supply  as  a  basis  for  future  planning. 

Simultaneously,  as  part  of  its  public  works  pro- 
gi'am,  the  Federal  Government  was  actually  proceeding 
with  a  broad  water  resource  conservation  program 
whicii  included  construction  of  dams  for  flood  control, 
navigation,  and  irrigation.  These  great  river  basin 
projects  could  not  be  undertaken  by  private  enterprise. 
In  most  instances  they  transcended  State  borders.  They 
could  be  undertaken  in  a  satisfactory  maimer  only  by 
the  Federal  Government. 

The  Federal  Government  could  not  ignore  the  fact 
that  the  construction  of  sucli  dams  would  make  pos- 
sible the  economical  development  of  liydroelectric 
power  on  a  large  scale.  In  fact,  the  Xafional  Resources 
Board  (Committee)  had  emphasized  tiie  importance  of 
power  in  such  programs,  stressing  the  point  that  the  use 
of  all  available  water  power  (ended  to  conserve  the 
country's  exhaustible  energ^y  resources. 

The  Government  was  under  obligation  in  market  the 
power  thus  developed  in  connection  with  its  broader 
conservation  program,  in  such  a   inaniiiT  as  to  assure 


*  The  comprehensive  character  of  llie  \surk  thus  assigned  to  tlie 
Commission  appears  in  tlie  following  extract  from  sec.  311  of  the  act  : 

*'•  •  •  It  shall,  so  far  as  practicable,  secure  and  keep  current 
information  regarding  the  ownersliip.  oiwration,  management,  and  con 
trol  of  all  facilities  for  such  generation,  transmission,  distribution, 
and  sale ;  the  capacity  and  output  thereof  and  the  relationship  be 
tween  the  two;  the  cost  of  generation,  and  contracts  in  respect  of  the 
sale  of  electric  energy  and  its  service  to  residential,  rural,  com 
mercial,  and  industrial  consumers  and  other  purchasers  by  private 
and  public  agencies  ;  and  the  relation  of  any  or  all  such  facts  to  the 
development  of  navigation,  industry,  commerce,  and  national  defense. 
The  Commission  shaU  report  to  Congress  the  results  of  investigaUons 
made  under  authority  of  this  section." 


the  people  the  greatest  possible  advantage  from  their 
water-power  resources.  This  necessarily  involved  the 
setting  up  of  agencies  with  authority  to  build  the  trans- 
mission lines  required  to  deliver  the  power  to  resale 
agencies  for  distribution  in  accordance  with  the  gov- 
ernmental i)urpose. 

The  National  Itesources  Board  (Committee),  as  al- 
ready pointed  out,  had  called  attention  to  the  Govern- 
ment's interest  in  extending  (lie  use  of  electricity  and 
in  reduction  of  rates  to  bring  about  such  increased  con- 
sumption. Tiie  marketing  of  Goverimient-owned 
liydroelectric  power  afforded  an  opportunity  to  test 
(lie  possibility  of  progress  along  this  line.  Municipally 
owned  systems  distributing  the  power  would  serve  as 
t'.\periments  to  demonstriitc  the  economic  soundness  of 
promoting  increased  consumj)tioii  througii  low  rate 
.schedules  and  would,  thereby,  make  modern  standards 
of  economy  in  (he  distribution  of  electricity  an  effective 
influence  on  the  piower  industry. 

These  experiments  in  the  marketing  of  hydroelectric 
power,  produced  in  connection  with  general  river  basin 
development  projects,  have  been  popularized  under  the 
conception  of  a  "yardstick"  for  electric  rates.  They 
have  at(rac(ed  public  attention  chiefly  in  connection 
with  the  work  of  the  Teiiiies.see  Valley  Authority. 

The  "yardstick"  idea  in  itself  represented  no  innova- 
tion. For  many  years  important  municipalities  had 
operated  isolated  publicly-owned  power  systems,  in 
many  instances  competing  with  private  utilities.  Such 
municipal  plants,  when  imbued  with  the  "yardstick" 
purpose,  had  proved  effective  in  assuring  lower  electric 
rates  than  could  generally  be  obtained  tiirough  the 
processes  of  regulation,  the  lower  rates  being  character- 
istic not  only  of  the  public  plants  themselves,  but  also 
i)i  the  competing  private  systems.  Thus,  the  first  rate 
survey  of  the  Federal  Power  Commission  showed, 
broadly  speaking,  the  lowest  residential  rates  in  cities 
where  actual  or  potential  public  competition  could  be 
definitely  shown  to  have  been  an  important  influence. 

The  encouragement  of  municipal  "yardstick"  power 
undertakings,  as  a  market  for  Government  hydroelec- 
tric power,  modified  the  well-established  principle  of 
municipal  operation  only  to  the  extent  necessary  to  con- 
form to  (he  changes  in  (he  power  industry  itself.  As  a 
result  of  these  changes  municipalities  no  longer  faced 
local  companies  representing  local  capital  but  great 
interconnected  systems  backed  by  the  resources  of  na- 
tional financial  combinations  wielding  enormous  influ- 
ence. Althougli  the  Federal  Government  uses  its  power 
supply  to  assure  such  municipal  undertakings  whole- 
sale power  at  a  co.st  comparable  with  that  attainable  by 
a  conservatively  financed  interconnected  system,  the 
"yardstick"  remains  essentially  the  municipal  distribu- 
tion system. 
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In  general,  the  adoption  of  this  plan  represented 
merely  an  adaptation  of  the  principle,  embodied  in  the 
Federal  Power  Act  of  1920,  assuring  States  and  munici- 
palities a  preferential  right  to  the  development  of  water- 
power  resources.  Such  adaptation  was  necessary  be- 
cause regional  water  resources  programs  could  only  be 
undertaken  by  the  Federal  Government. 

The  Tennessee  Valley  Authority 

The  Tennessee  Valley  Authority  Act,  as  an  expression 
of  Federal  power  policy,  directed  the  Authority  (1)  to 
generate  and  sell  electricity,  in  quantities  consistent 
with  stream-flow  regulation  primarily  for  the  purposes 
of  promoting  navigation  and  controlling  floods,  in  order 
to  avoid  waste  of  water  power ;  (2)  to  give  preference  in 
the  sale  of  this  surplus  jDower  to  States,  counties,  mu- 
nicipalities, and  cooperative  organizations  of  farmers 
and  others  not  organized  or  doing  bvisiness  for  profit; 
(3)  to  construct  or  acquire  transmission  facilities  to  pro- 
vide outlets  for  the  sale  of  power;  and  (4)  to  promote 
the  wider  and  better  use  of  electric  power  for  agricul- 
tural and  domestic  use  and  for  the  development  of  the 
resources  of  the  region. 

Under  this  act  the  Tennessee  Valley  Authority  is  de- 
veloping an  interconnected  wholesale  power  supply  sys- 
tem from  which  municipal,  cooperative,  and  other  pub- 
lic bodies  in  the  Valley  can  secure  power  for  resale  at 
costs  in  keeping  with  modern  technical  standards.  In 
the  contracts  for  purchase  of  this  Goverimient  power  for 
resale,  the  distribution  agencies  agree  to  apply  experi- 
mentally the  T.  V.  A.  standard  rates.^ 

These  standard  rates  constitute  the  "yardstick"  be- 
cause their  experimental  application  by  municipalities 
and  cooperatives  determines  (a)  the  effect  of  such  rates 
in  making  possible  gi'eatly  increased  use  of  electricity, 
and  (b)  whether  they  produce  sufiicient  revenue  to  cover 
all  necessai-y  costs  of  providing  service  on  an  economical 
basis.    For  residences  they  result  in  the  following  bills : 

Kilowatt-hours  per  month  :  Monthly  iiiu 

50,  lights  and  small  appliances $1.  50 

100,  lights,  small  appliances,  and  refrigerator 2.  50 

250,  lights,  small  appliances,  refrigerator,  and  range-     5.  OO 
500,  lights,  small  appliances,  refrigerator,  range,  and 

hot-water  heater 6.90 

In  its  Statistical  Bulletin  No.  1,  dealing  with  the  first 
results  of  these  "yardstick"  rates  in  Tupelo,  Miss.,  the 
Tennessee  Valley  Authority  set  forth  the  general  pur- 
pose as  follows : 


»T.  v.  A.  standard  residential  rates:  First  50  kilowatt-hours  per 
month  at  3  cents  per  kilowatt-hour ;  next  150  kilowatt-hours  per 
month  at  2  cents  per  kilowatt-hour ;  next  200  kilowatt-hours  per 
month  at  1  cent  per  kilowatt-hour  ;  next  1,000  kilowatt-hours  per  month 
at  0.4  cent  per  kilowatt-hour ;  excess  over  1,400  kUowatt-hours  per 
month  at  0.75  cent  per  kilowatt-hour. 

Minimum  monthly  bill :  5  ampere  meter,  $0.75  ;  10  ampere  meter, 
$1 ;  50  ampere  meter,  $1.50. 
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The  rate  policies  of  the  Tennessee  Valley  Authority  are  predi- 
cated upon  voliune,  and  all  of  its  efforts  are  directed  toward  se- 
curing a  wider  and  better  use  of  electricity.  The  low  price  of 
electricity  induces  customers  to  make  liberal  use  of  electric 
services  wherever  they  are  desired.  *  *  *  With  the  ex- 
panding use  of  electricity  the  costs  of  generation  and  distribu- 
tion per  unit  of  energy  sold  are  found  to  decrease.  In  prin- 
ciple, it  was  necessary  first  to  set  forth  rates  sufficiently  cheap 
and  properly  designed  as  to  form,  in  order  that  customers  might 
be  able  to  use  electric  power.  When  these  rates  were  made 
available,  the  public  did  not  hesitate  to  take  advantage  of  the 
services  and  to  increase  consumption. 

In  its  1936  annual  report,  the  Authority  stressed  the 
importance  of  actual  demonstration  (1)  that  the  electric 
power  industry  had  become  involved  in  a  vicious  circle 
of  higli  prices  and  low  consumption,  and  (2)  that  there 
was  a  means  of  escape  from  this  predicament  through 
application  of  the  j^i'ice  policy  generally  adopted  in 
mass-production  industries.  It  pointed  to  the  extra- 
ordinary increases  in  residential  consumption  following 
the  establishment  of  lower  rates  as  indication  that  the 
vicious  circle  had  been  broken. 

The  Authority's  1937  annual  report  emphasized  the 
fact  that  the  great  reductions  in  the  ultimate  consumer's 
bill,  amounting  to  several  cents  per  kilowatt-hour,  are 
found  cliiefly  in  the  policies  of  the  local  distributors 
after  they  liave  paid  the  T.  V.  A.  wholesale  price.  It 
pointed  out  that  the  experiment  had  proved  the  actual 
cost  of  local  distribution  to  be  far  less  than  had  gen- 
erally been  supposed. 

Municipal  Retail  Agencies 
Provide  Yardstick 

The  extent  to  which  this  plan  for  disposal  of  Govern- 
ment developed  hydroelectric  power  has  succeeded  in 
establishing  new  standards,  both  for  the  cost  of  dis- 
tributing electricity  and  for  higher  retail  consumption, 
can  only  be  measured  by  the  actual  experience  of  the 
T.  V.  A.  resale  agencies  applying  the  standard  rates. 
Fortunately,  although  the  normal  development  of  dis- 
tribution under  the  T.  V.  A.  Act  has  been  hampered  by 
constant  litigation,  the  preliminary  results  from  the 
operations  of  15  municipalities  purchasing  T.  V.  A 
power  for  resale  during  the  year  ended  June  30,  1938, 
are  available  for  analysis.  The  essential  data  may  be 
summarized  as  follows : 

1.  The  average  residential  consumption  of  electricity 
in  the  15  municipalities  ranged  from  995  kilowatt-hours 
per  year  in  Milan,  Tenn.,  to  2,666  kilowatt-hours  in 
Muscle  Shoals,  Ala.  For  12  out  of  the  15  municipalities 
the  average  annual  use  was  over  1,200  kilowatt -hours. 
The  weighted  average  for  the  entire  group  was  1,600 
kilowatt-liours,  or  133  kilowatt-hours  a  month.  This 
compares  with  residential  consumption  for  the  United 
States  as  a   whole  averaging  793  kilowatt-hours,  or 
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about  66  kilowatt-hours  a  month,  in  1937;  and  850  kilo- 
watt-hours, or  71  kilowatt-hours  a  month,  in  1938. 

2.  The  average  residential  electric  rates  for  the  15 
municipalities  ranged  from  1.6  cents  per  kilowatt-hotir 
in  Muscle  Shoals  to  2.7  cents  per  kilowatt-hour  in  Milan. 
In  all  but  2  of  the  municipalities  it  was  under  2.5  cents 
and  in  7  it  was  under  2.0  cents.  The  weighted  average 
for  all  residential  customers  served  by  these  munici- 
palities was  2.0  cents  per  kilowatt-hour.  This  com- 
pares with  an  average  residential  rate  for  the  United 
States  as  a  whole  of  4.4  cents  in  I'JH"  and  4.2  cents  in 
1938. 

3.  The  average  animal  residential  bills  for  the  15 
municipalities  ranged  from  $24.07  in  Amory,  Miss.,  to 
$42.64  in  Muscle  Shoals.  In  10  of  the  municipalities 
the  average  was  over  $30  and  for  the  entire  group  the 
weighted  average  was  $31.40.  In  other  words,  although 
the  experiment  in  drastic  rate  reduction  is  still  young, 
the  average  residential  bill  is  already  very  little  below 
the  average  for  the  countrj'  as  a  whole  in  1933,  the  year 
in  which  the  T.  V.  A.  was  initiated.  The  difference  is 
that  the  average  service  rendered  homes  by  these  mu- 
nicipalities is  approximately  ly-i  times  that  rendered 
for  the  same  average  bill  by  electric  systems  through- 
out the  country  in  1933. 

4.  These  municipalities  paid  the  T.  V.  A.  an  average 
of  5.4  mills  per  kilowatt-hour  for  wholesale  power  sup- 
ply in  the  year  ended  June  30,  1938,  representing  a  rea- 
sonable charge  for  such  power  supply  in  the  region,  and 
comparing  with  an  average  of  4.8  mills  per  kilowatt- 
hour  at  which  the  Alabama  Power  Co.  sold  856,366,000 
kilowatt-hours  to  other  private  utilities  for  resale 
in  1937. 

5.  These  municipalities  paid  an  average  of  $10.30  per 
customer  in  distribution  expenses  in  the  12-month 
period,  wliicli  compares  with  an  average  of  $10.42  for 
the  same  expenses  for  18  ninnicipal  plants  outside  of 
the  T.  v.  A.  area  and  with  $9.85  for  281  municipal  sys- 
tems distributing  power  in  Ontario. 

6.  The  fixed  capital  of  the  15  municipal  distribution 
systems  averaged  $140  per  kilowatt  of  peak  load,  com- 
paring with  the  figure  of  $118  per  kilowatt  of  peak 
load  wliich  President  Kellogg  of  the  Edison  Electric 
Institute  gave  the  Congi-essional  Committee  investigat- 
ing the  T.  V.  A.  as  representing  the  corresponding  dis- 
tribution fixed  capital  for  private  systems  throughout 
the  United  States. 

7.  The  net  operating  income  of  the  15  municipal  sys- 
tems for  the  12-month  period,  after  paying  for  whole- 
sale power  supply  and  for  all  operating,  maintenance, 
and  administrative  expenses,  was  e(juivaleiit  to  20.4 
percent  on  their  total  fixed  capital,  less  depreciation. 
This  was  sufficient  to  provide  for  depreciation,  taxes, 


and  a  return  of  approximately  1.")  percent,  or  more  than 
double  the  assimied  fair  retinii  asked  by  private  capital. 

In  other  words,  the  results  of  the  T.  V.  A.  experiment 
.«o  far  indicate  that  the  standard  resale  rates,  set  up  to 
determine  new  standards  of  cost  and  use,  have  had  the 
effect  of  promoting  an  increase  in  average  residential 
consiunption  to  levels  already  approximately  double  the 
average  for  the  country  as  a  whole.  At  the  same  time 
(hey  have  provided  sufficient  gross  income  to  cover  all 
necessary  costs  of  power  supply,  distribution  expenses, 
and,  in  addition,  fixed  charges  considerably  in  excess 
of  those  necessary  to  provide  for  depreciation,  taxes, 
and  a  6-percent  return  on  a  rcasonablp  distribution 
investment. 

The  private  companies  immediately  affected  by  the 
T.  V.  A.  undertaking,  prior  to  the  actual  announcement 
of  standard  rates  by  the  Authority,  loweiod  their  rates 
and  have  lowered  them  still  further  since.  As  a  result, 
they  have  experienced  the  greatest  increase  in  residen- 
tial sales  in  the  private  power  industry.''  Throughout 
the  country  many  cities,  served  by  private  companies, 
now  have  electric  rates  which  ai-p  rapidly  coining  down 
to  levels  corresponding  with  the  T.  V.  A.  standards.' 

Rural  Electrification 

Discussion  of  the  extension  of  Federal  power  policy, 
to  include  the  establishment  of  new  standards  m  the 
power  industry,  would  be  iiicoinplofo  williont  i-oforenre 
to  the  work  of  the  Rural  Electrification  Athninistration. 
It  has  concerned  itself  especially  with  new  standards  of 
economy  in  rural  line  construction  and  with  new 
standards  of  farm  use,  designed  to  demonstrate  that 
electricity  should  be  an  economic  asset,  instead  of  an 
added  cost,  to  (he  families  engaged  in  agripulture. 


•While  the  averagp  re.'ildoiillal  use  of  elertrlclty  In  the  Dnltefi 
states  increased  from  600  kliowatt-hours  in  lOSS  to  702  kilowatt 
hours  In  1937,  the  corresponding  increases  for  these  companies  have 
heen  as  follows:  Alabama  Power  from  808  to  1,205;  Georgia  Tower 
from  805  (n  1,31,'t;  and  Tennessee  Electric  Power  from  012  to  1,352 
kilowatt-hours  a  year.  The  average  residential  rate  for  these  three 
lompanics  in  19,37  was  Just  about  3  cents  per  kilowatt-hour  as 
compared  with  the  average  of  4,4  cents  for  the  United  States  as  a 
whole,  but  they  collected  nn  average  annual  bill  of  $39.00  from  these 
customers,  or  .$4.20  more  than  the  $34.80  representing  the  average 
annual  residential  bill  for  the  entire  country. 

«T.  v.  A.  standard  residential  rates  for  100  and  250  kllowatt-hours 
a  month  compare  with  those  in  certain  cities  served  by  private  com- 
panies as  follows : 


Monthly  blUs 

Residential  rates 

100  kllowatt- 
hours 

250  kilowatt- 
hours 

T.  V.  A.  municipalities 

$2.SU 
2.60 
2.60 
2.60 
2.85 

$5.00 

Cincinnati,  Ohio 

Covington,  Ky 

4  75 

Madison,  Wis 

Washington,  D.  C 

6  10 
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The  length  of  this  memorandum  does  not  permit  ex- 
tensive discussion  of  the  progress  in  rural  electrifica- 
tion since  the  Administration  was  established  in  1935. 
Brief  reference,  however,  must  he  made  to  the  success 
achieved  in  reducing  the  cost  of  constructing  rural  lines, 
because  it  illustrates  clearly  both  tlie  necessity  for  the 
extension  of  Federal  power  policy  into  the  field  of 
standards  and  the  results  which  have  followed.  Dealing 
with  this,  the  1937  report  of  the  Kural  Electrification 
Administration  says : 

The  continuing  spread  of  rural  electrification  is  dependent 
upon  steadily  declining  costs.  Every  time  the  cost  of  bringing 
central  station  electric  service  to  the  farm  drops,  the  number 
of  farms  which  can  be  reached  on  a  self-liquidating  basis  goes 
up.  It  is  the  job  of  the  R.  E.  A.  Engineering  Division,  as  it 
supervises  the  construction  of  R.  E.  A.  projects,  to  translate  a 
substantial  part  of  this  proposition  into  fact 

Summarizing  the  results  already  obtained,  the  report 
states  that  a  group  of  K.  E.  A.  projects  recently  re- 
leased for  construction  averaged  a^jproximately  $850 
per  mile,  as  compared  with  costs  ranging  from  $1,500  to 
$2,000  per  mile  for  rural  lines  giving  comparable  service 
before  the  R.  E.  A.  entered  the  picture.  It  states  fur- 
ther, that  the  average  cost  of  all  E.  E.  A.  projects  is  ap- 
proximately $970  per  mile,  including  projects  whose 
construction  costs  per  mile  have  ranged  from  under 
$700  to  over  $1,200. 

Rural  electrification  thus  afl^ords  perhaps  the  simplest 
picture  of  the  extent  to  which  high  costs  had  developed 
in  the  power  industry  because,  imder  regulation  the  in- 
centive to  keep  costs  down  has  been  lacking.  The  high 
costs  were  a  barrier  to  the  extension  of  rural  lines.  The 
broadening  of  Federal  power  policy  to  include  actual 
financing  of  projects,  demonstrating  new  standards  of 
economy,  has  resulted  in  the  removal  of  that  barrier  and 
the  achievement  of  important  progress  in  the  field  of 
rural  electrification  by  both  public  and  private  agencies. 
At  the  same  time,  many  of  the  barriers  contained  in  the 
old  rural  electrification  plans  of  the  private  companies 
have  been  removed. 

The  end  of  1938  saw  70,000  miles  of  R.  E.  A.-financed 
rural  lines  in  operation.  These  lines  served  150,000 
rural  customers  of  whom  more  than  85  percent  were 
farmers.  Altogether,  the  number  of  the  country's  farms 
receiving  electricity  increased  from  743,954  at  the  end 
of  1934  to  an  estimated  1,410,000  at  the  end  of  the  first 
10  months  of  1938.  In  other  words,  the  number  of  new 
farm  customers  added  during  the  4  years  operation  of 
R.  E.  A.  has  closely  approximated  the  total  number  to 
which  electric  service  had  been  extended  in  all  the  years 
preceding  its  establishment. 


Economic  Significance  of  Effort 
to  Establish  Cost  Standards 

The  extension  of  Federal  power  policy,  in  connection 
with  the  marketing  of  power  from  Federal  river  basin 
developments,  has  been  widely  discussed  by  experts  out- 
side the  governmental  agencies  immediately  concerned. 
The  views  of  a  number  of  them  are  of  sufficient  im- 
portance to  warrant  consideration  here. 

Professor  B.  Alden  Thresher,  of  Massachusetts  In- 
stitute of  Technology,  addressing  a  recent  symposium 
on  power  costs  conducted  by  the  American  Society  of 
Civil  Engineers,  definitely  related  the  direction  taken  in 
tlie  broadening  of  the  Federal  power  policy  to  the  in- 
adequacy of  regulation.  He  suggested  that  the  ac- 
cepted scheme  of  regulation  in  the  United  States  is,  by- 
its  very  nature,  static  and  ill-adapted  to  the  economic 
and  teclmical  changes  characteristic  of  the  power  in- 
dustry.' 

Vice  President  Leverett  S.  Lyon  of  the  Brookings 
Institute,  taking  part  in  the  same  symposium,  attributed 
the  introduction  of  the  "yardstick"  policy  to  the  lack  of 
any  satisfactory  cost  basis  for  fixing  rates  under  regu- 
lation. 

Mr.  Lyon  pointed  out  that  in  a  competitive  field,  as 
contrasted  with  the  monopolistic  utility  business,  the 
costs  of  an  individual  company  may  have  no  direct 
relation  to  the  prices  at  which  it  can  sell  its  product; 
that  it  does  high-cost  companies  no  good  to  complain 
that  their  costs  will  not  permit  them  to  compete  profit- 
ably ;  that,  in  such  a  situation  a  high-cost  manufacturer 
has  no  choice  but  to  forget  part  of  his  costs,  closing  his 
eyes  to  some  of  his  fixed  charges  and  accepting  the  fact 
tliat  his  investment  is  not  worth  as  much  as  he  thought 
it  was. 

He  stated  that  a  buyer  should  be  in  a  position  to  pur- 
chase, at  any  time,  at  as  low  a  price  as  anyone  will  offer, 
if  the  resources  of  the  Nation  are  to  be  used  so  as  to 
give  the  greatest  possible  output  for  the  smallest  pos- 
sible input.  He  held  that  the  theory  that  prices  should 
cover  costs  is  in  conflict  with  this  objective  and  pro- 
vides "no  incentive  to  keep  costs  down." 

Mr.  Lyon  then  asserted  that  in  the  field  of  power, 
because  it  is  a  natural  monopoly,  the  competitive 
method  of  price  determination  will  not  apply  and  that. 


*  Professor  Thresher  said  : 

"It  is  more  accurate,  therefore,  to  regard  the  Federal  power  pro- 
gram, whatever  its  merits  or  defects,  as  a  response  to  a  long-standing 
maladjustment,  not  as  a  punishment  meted  out  to  malefactors.  The 
machinery  of  State  regulation  is  often  said  to  have  'broken  down.' 
More  strictl.v  speaking,  it  has  always  lagged  behind  the  situation 
with  which  it  strove  to  grapple.  This  was  true  even  in  the  days  of 
local  power  units,  because  of  the  rapid  rate  of  technical  change.  It  is 
doubly  true  now  that  regional  interconnections  eztend  over  areas 
beyond  the  jurisdiction  of  regulative  authorities." 
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since  a  inciriupdlv  riimiot  he  trusted  to  create  prices  in 
the  public  interest,  social  I'egnlation  of  rates  has  been 
established  in  every  State.  He  continued:  '"Since  the 
commissions  which  have  been  given  this  responsibility 
have  no  competitive  tests  they  have  groped  none  too 
happily,  in  an  effort  to  relate  costs  to  prices."'" 
Mr.  Lyon  concluded : 

It  is  the  raising  of  such  issues  of  costs  as  the.se  which  has  in- 
troducpfl  tho  now  miirh  discussed  ".yardstick"  ns  a  proposed 
method  of  dotprminine  what  prices  should  be.  Of  course,  the 
so-called  ".vardstlck"  is  not  a  new  idea.  Every  method  that 
can  he  applied  to  deterniiniiiK  wha(  prices  shall  he — even  com- 
petition-is a  .yardstick;  hut  the  great  extension  of  covcrtunent 
operations  as  a  means  of  comparini:  costs  does  offer,  in  size  at 
least,  something  new    *     ♦     *. 

Tlip  Federal  policy,  adopted  for  the  iiiiuk('lin<r  uf 
hydroelectric  power,  is  already  establishing  in  the  [lowpr 
business  cost  standards  based  on  the  best  economy 
achievable  by  modern  technology.  Tn  effect,  it  provides 
the  same  incentive  to  keep  costs  down  as  prevails  in  a 
competitive  industiy,  in  which  new  competitors  may  be 
expected  whenever  existing  operators  become  nnpro- 
gressive.  It  tends  to  prevent  the  pegging  of  rates  to 
obsolescent  or  otherwise  excessive  costs. 

Actuarial  Expert  Fergus  J.  McDiarmid,  associated 
with  the  Lincoln  Life  Insurance  Company  of  Fort 
Wayne,  Ind.,  writing  for  the  October  14,  1937,  issue  of 
Public  TTtilities  Fortniglilly,  ]ioints  out  that  "pir)bably 
the  closest  hi.storical  analogy  to  the  situation,  now  fac- 
ing certain  private,  utilities  in  the  Tennes.see  Valley 
and  elsewhere,  is  (hat  faced  about  20  years  ago  by  the 
private  electric  company  serving  Ottawa,  Canada."  At 
that  time,  according  to  Mr.  McDiarmid,  this  company 
met  the  competition  of  the  Ontario  Hydro-Electric 
Power  Conmiission  by  dropping  rales  to  rock  bottom, 
that  is,  to  a  level  considerably  below  those  of  the  Ten- 
7ies.spe  Valley  .Authority.  He  compai'es  the  Ottawa  res- 
idential rales  with  those  of  T.  V.  iV.  as  follows: 

Monthly  domestic  billn 


too  kilowatt- 
hours 

2S0klIo»»fi- 
hours 

.VHi  kilowatt- 
hours 

T.V.A 

Ottawa  electric  rates 

$2.60 
1.74 

2.80 

$6.90 
3  90 

Mr.  McDiarmid  reports  that,  after  more  than  20  years, 
the  private  company  has  approximately  twice  as  manv 
customers  as  the  public  system  and  that  its  1935  carn- 


•Thls,  Mr.  Lyon  suggested,  raises  issues  of  public  Importance,  such 
as:  "whether  msts  are  fair  or  unfair?  .\rc  the.v  roall.v  necessary 
costs  or  are  they  padded?  Is  the  enterprise  capitalized  at  tho  mini- 
mum necessary  to  furnish  the  service  or  is  it  overcapitalized?  Are 
officials  overpaid  or  otherwise?  To  what  extent  are  holding  compa- 
nies and  similar  financial  and  managerial  mechanisms  an  effective 
means  of  organization  and  operating,  and  to  what  extent,  if  any, 
are  they  means  of  adding  costs,  positions,  and  salaries,  on  which  rates 
are  computed?" 
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ings,  after  depreciation,  represented  a  return  of  more 
than  9  percent  on  the  depreciated  book  value  of  its 
[)roperty.  He  states  that  the  company  is  on  the  most 
friendly  terms  with  its  publicly  owned  competitor. 

In  terms  of  the  governmental  concern  for  expansion 
in  the  u.«e  of  electricity,  it  may  be  noted  that  in  1937 
i-esidential  consumption  in  Oltawa  averaged  34(1  kilo- 
watt-hours a  month,  or  4,0S()  kilowatt-hours  a  year. 
Ottawa  homes  paid  an  average  of  $3,07  a  innntli  for 
electric  service,  as  compared  with  $'2,92  a  month  paid  by 
homes  in  I  he  United  States,  But  for  $3.07  they  received 
appro.xiinalely  five  limes  as  iinich  .service,  340  as  against 
66  kilo  wall -hours.  Their  average  i-ate  was  0,9  as  against 
t.4  cents  per  kilowatt-hour  in  this  country. 

In  Ottawa  coinpctition  has  provided  a  continuing  in- 
centive to  economy  and  efficiency  of  operation,  enabling 
consumers  to  secure  the  maximum  of  electric  service  for 
their  dollar. 

The  views  of  these  professional  economists,  with  ref- 
erence to  the  Federal  power  policy  under  discussion, 
ma}'  be  interpreted  as  follows: 

1.  ITse  of  the  Nation's  power  resources  to  the  best 
advantage  in  the  public  interest  can  only  mean  assuring 
(he  ])eople  the  largest  possible  use  of  electricity  at  the 
lowest  possible  cost, 

2.  In  competitive  indu.stry  (he  iiiaKci-  of  assuring  the 
people  the  greatest  possible  supply  at  the  lowest  possi- 
ble cost  is  taken  care  of  by  the  fact  that  the  low-cost 
company  will  get  the  business  unless  high-cost,  compa- 
nies readjust  their  conception  of  necessary  costs. 

3.  Price  fixing  on  the  theory  that  prices  should  cover 
costs  leads  to  the  greatest  difficulties,  especially  as  it 
provides  no  incentive  to  keep  costs  down.  It  may  even 
become  an  incentive  to  higher  co.sts, 

4.  Regulation  of  private  |)ower  monopolies  has  failed 
to  find  a  substihilc  f'oi-  iiiiii|)rl  il  ion  to  assure  the  people 
electric  service  al  the  lowest.  i)ossible  cost.  Its  pro- 
cedure, involving  rates  based  upon  the  costs  of  indi- 
vidual companies,  has  opened  the  way  to  a  wide  variety 
of  practices  making  for  excessive  costs.  The  resulting 
high  rates  have  tended  to  restrict  consumjstion  contrary 
to  the  public  interest. 

5.  The  government  yardstick  policy  is  merely  an 
adaptation  to  the  power  business  of  the  competitive 
yardstick  which  has  been  the  symbol  of  sound  economy 
in  private  business.  It  creates  a  situation  in  which  high- 
cost  i)ower  undeiiakings,  even  though  not  necessarily 
directly  affected  by  public  competition,  will  increasingly 
have  to  readjust  tlieir  conception  of  necessary  costs  to 
new  standards  of  economy  and  efficiency, 

6.  In  Dttawa,  Canada,  where  a  similar  policy  has 
been  effective  for  more  than  20  years,  households  are 
today  purchasing  an  avei-age  of  340  kilowatt-hours  a 
month  for  an  average  monthly  bill  only  15  cents  higher 
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than  the  average  home  in  the  United  States  pays  for 
66  kilowatt-hours,  and  the  private  company  has  been 
making  a  reasonable  profit. 

Viewed  in  terms  of  tliis  analysis,  there  appears  to  be 
substantial  justification  for  the  policy  adopted  by  the 
Federal  Government  for  marketing  hydroelectric  power 
developed  in  connection  with  its  water  resource  con- 
servation program. 

Problem  of  Allocation  of 
Costs  in  Relation 
to  the  Economics  of 
Federal  Hydro  Projects 

The  problem  of  allocating  costs  in  connection  with 
multipurpose  projects,  in  so  far  as  it  has  been  assumed 
to  control  rates,  has  produced  difficulties  comparable 
with  those  that  have  been  associated  with  attempts  to 
determine  so-called  fair  value  for  rate-making  purposes. 
For  this  reason  the  following  thoughts  are  offered,  not 
as  a  definitive  statement  of  Government  policy  but  to 
provoke  discussion  with  a  view  to  later  formulation. 
They  are  suggested  by  a  discussion  of  the  question  in 
the  National  Resources  Committee  report,  Drainage 
Basin  Problems  and  Programs,  1937  Revision. 

Altliougli  the  Committee  holds  to  the  theory  that  "the 
allocation  of  costs  should  be  made  with  projier  regard 
to  the  benefits  afforded  by  a  project  and  the  revenues 
from  the  sale  of  power  should  l>e  based  on  the  cost  thus 
allocated,"  it  recognizes  that  "adjustments  of  the  alloca- 
tions of  costs  should  be  made  from  time  to  time,  since 
the  relationship  among  the  several  benefits  may  be  af- 
fected by  changed  conditions"  and  adds  that  "alloca- 
tion of  joint  costs  is  usually  a  matter  of  judgment  in- 
volving an  appraisal  of  social  and  economic  values  and 
not  ordinarily  a  matter  determinable  by  any  definite 
accounting  formula." 

Discussing  allocation  further  on  the  basis  of  an 
evaluation  of  relative  benefits,  the  Committee  points  out 
that  power  rates,  fixed  below  the  level  of  power  costs 
naturally  inherent  in  the  region,  might  result  in  "an 
unwarranted  burden  upon  national  taxpayers  for  the 
benefit  of  specially  favored  gi-oups  or  localities,"  while 
on  the  other  hand,  "the  costs  allocated  to  power  camiot 
be  so  large  as  to  result  in  power  rates  higher  than  the 
inherent  power  production  cost  levels  of  the  region, 
because  the  project  power  could  not  be  marketed  at  such 
rates."    The  Committee  concludes: 

Estimates  of  the  value  of  power  from  a  project  should  be 
based  upon  the  costs  of  power  from  alternative  sources,  either 
steam-electric  plants  or  other  h.vdroelectric  plants,  so  planned 
as  economically  to  supply  the  future  needs  for  power  in  the 
area.  The  estimates  of  costs  of  power  from  steam-electric 
plants  should  include  consideration  of  future  costs  of  fuels  and 
I  heir  effect  upon  the  design  of  plants  and  the  future  capital  cost 
of  plants. 


This  raises  the  question  whether  practical  procedure 
might  not  establish  first  the  wholesale  rates  for  power 
from  niultipiu-i)ose  Government  projecls  on  the  basis 
of  the  most  economical  possible  alternative  power  sup- 
ply in  the  region  and  then  determine,  on  the  basis  of 
the  revenue  to  be  derived  from  such  rates,  the  portion 
of  the  cost  of  the  entire  project  which  power  could 
sustain. 

On  this  theory,  in  most  regions  the  determining  fac- 
tor in  the  establishment  of  wholesale  rates,  for  power 
supply  from  transmission  lines  interconnecting  Federal 
hydro  developments,  would  be  the  cost  of  equiva- 
lent power  supply  from  the  best  modern  steam 
stations  in  the  region.  This  would  follow  the  precedent 
set  by  the  private  power  industry  which,  in  the  past, 
has  capitalized  water-power  developments  on  the  basis 
of  alternative  steam  costs.  Provision  should  be  made, 
however,  for  periodic  readjustment  of  such  rates  in 
conformity  with  changes  due  to  technological  progress, 
as  well  as  for  ultimately  giving  tlie  people  tlie  advan- 
tage of  amortization  of  the  project  cost. 

If  this  principle  should  be  adopted,  matters  of  cost 
allocation  between  irrigation,  flood  control,  navigation, 
and  power  should  not  adversely  affect  private  power  sys- 
tems. Consequently,  such  power  interests  could  not 
fairly  object  to  a  progi-am  which  would  accelerate  the 
constniction  of  hydroelectric  projects  as  part  of  a  pub- 
lic works  program  to  absorb  unused  labor  in  periods 
of  depression  and  unemployment. 

Tlie  economy  of  public  hydroelectric  power  develop- 
ment, in  conjunction  with  general  river  basin  programs, 
under  such  circumstances,  may  be  outlined  as  follows : 

1.  Hydroelectric  projects  provide  power  supply  with 
a  minimum  of  current  operating  costs  and  therefore 
with  a  minimum  expenditure  of  social  energy  during 
normal  periods  of  business  activity  and  employment. 
This  is  also  true  of  the  operation  of  interconnecting 
transmission  systems.  In  both  instances  the  annual  cost 
is  chiefly  represented  by  the  fixed  charges  on  invest- 
ment, including  depreciation  and/or  amortization. 

2.  Such  projects,  in  periods  when  provision  for  work 
relief  to  support  workers  otherwise  unemployed  becomes 
a  necessary  social  cost,  assure  that  such  public  employ- 
ment will  make  an  enduring  contribution  to  the  future 
welfare  of  the  Nation.  Once  constructed  they  will  con- 
tinue indefinitely  to  deliver  power  at  low  operating 
costs. 

3.  If  the  annual  revenue  from  the  sale  of  such  power, 
at  wholesale  rates  based  on  the  cost  of  the  best  equiva- 
lent modern  steam  supply,  is  sufficient  to  cover  the  cost 
of  maintaining  and  operating  the  generating  stations 
and  transmission  lines,  together  with  charges  for  depre- 
ciation and  amortization,  such  power  projects  will  have 
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provideil  for  (ho  iiltiniate  repayment  to  the  country  of 
the  cost  of  the  work  relief  involved  in  their  construction. 
Everything  which  they  earn  above  this  will  sei've  to 
amortize  costs  incurred  for  otlior  purposes  such  as  irri- 
gation, flood  control,  and  navigation. 

On  this  basis  the  Federal  water  power  program  would 
attain  now  flexibility  without  being  open  to  the  cliarge 
that  it  offered  unfair  competition  with  existing  private 
systems.  Hydroelectric  developments,  not  economically 
feasible  in  terms  of  the  cost  theories  of  private  enter- 
prise, would  becoujc  of  the  highest  social  and  economic 
value  as  part  of  the  Nation's  employment  stabilization 
program. 

A  Glance  at  the  Future 

Federal  power  policy  may  be  expected  to  develop 
along  the  lines  indicated  in  this  historical  summary  to 
the  extent  which  may  prove  necessary  to  assure  the 
people  the  luaximum  use  of  their  power  resources  at 
the  lowest  possible  cost,  with  full  regard  for  the  neces- 
sity of  conserving  the  Nation's  exhaustible  sources  of 
energy  supply.  As  a  result  of  changes  in  the  power 
industry  it,'iplf,  tbosp  lines  of  devolopiuont  have  come 
to  include: 

1.  Protection  of  I  lie  consumer  and  investor  interest 
in  the  economical  and  efficient  integration  of  public 
utility  systems  on  a  regional  basis,  insofar  as  such  in- 
tegration transcends  State  lines  and  consequently  comes 
within  \\w  scope  of  Federal  responsibility. 

2.  Continued  encom-agement  of  the  extension  of 
rural  electric  lines  throughout  the  Nation  and  of  new 
standards  for  farm  use  of  electricity,  designed  to  render 
electric  service  an  economic  asset  to  families  engaged 
in  agriculture. 

3.  A  continuing  survey  of  the  generation,  transmis- 
sion, and  distribution  of  electrical  energy,  including  all 
data  with  reference  to  the  Nation's  power  facilities,  re- 


sources, and  requirements  necessary  for  planning  in 
advance  for  the  construction,  by  public  or  private 
agencies,  of  the  power  plants  and  transmission  facil- 
ities needed  to  assure  all  regions  anqile  power  supply 
in  peace  and  in  war. 

4.  Recognition  that,  in  tlie  development  of  any  long- 
range  plan  for  meeting  the  Nation's  future  power  re- 
quirements on  the  most  economical  basis,  full  consid- 
eration nnist  be  given  to  the  importance  of  conserving 
energy  resources  which  are  subject   to  depletion. 

5.  Development  of  all  economically  available  water 
power  in  connection  with  river  basin  conservation  pro- 
grams, and  provision  for  marketing  the  power  in  such  a 
way  as  to  assure  the  low  resale  rates  necessary  to  bring 
about  a  wider  and  better  use  of  electricity,  in  order  that 
the  people  as  a  whole  may  secure  the  gi-eatest  possible 
advantage  from  their  water  power  resources. 

Power  fi-oni  many  hydro  developments  can  be  most 
economically  marketed  in  coordination  with  the  output 
of  steam-electric  stations.  This  coordination  should  be 
obtainable,  in  the  main,  through  the  cxjoperation  of 
private'  and  nuinicipal  power  agencies  on  terms  con- 
formable with  the  requirements  of  Federal  power  pol- 
icy. Wliei-e  such  coordination  is  not  available  the  Fed- 
eral powei'  policy  may  have  to  include  the  construction 
and  operation  of  some  steam  capacity  to  make  possible 
the  most  efficient  marketing  of  Government  hydroelec- 
tric power. 

Finally,  in  ai)i)i-oaciiing  the  question  of  future  Fed- 
eral power  i)olicy,  it  should  be  possible  for  all  concerned 
to  agree  that,  in  an  industry  as  vital  to  the  general  wel- 
fare as  that  of  power  supply,  the  public  interest  in  max- 
inumi  use  can  be  the  only  basis  for  a  choice  between 
alternative  theories  of  operation.  Ultimately,  Govern- 
ment must  be  able  to  adopt  whatever  methods  prove 
necessary  to  subserve  the  fundamental  interest  of  the 
people  as  a  whole  in  the  most  advantageous  use  of  their 
power  resources. 
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